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Abstract 
 
 
Global climate change could have far-reaching consequences for farming 
communities, particularly in developing countries. Rain-fed farmers, such as village 
tank farmers in the dry zone of Sri Lanka, are among the most vulnerable because 
they depend heavily on local rainfall and have limited means to adapt. While 
adaptation has been the key strategy to help generations of farmers overcome climate 
uncertainty, it essentially involves regular, risky decisions on adaptation options. 
Some researchers have proposed that experience gained from repeated choices help 
farmers make better adaptation decisions. However, recent advances in decision 
theory suggest that the cognitive limitations of decision-makers and the ambiguity 
associated with rainfall variability limit the usefulness of personal experience as a 
reliable guide for making adaptation decisions. Conversely, a significant body of 
empirical literature on climate adaptation has provided evidence to indicate that 
farmers’ adaptation decisions are strongly influenced by their commonly held beliefs.  
 
This study examined the adaptation choice behaviour of village tank farmers in Sri 
Lanka by focusing on four interrelated research questions: 
(a) Do farmers’ have shared beliefs that lead them to identify the general pattern 
of variability and long-term changes in rainfall and are these perceptions 
consistent with the patterns observed in local weather data? 
(b) If so, how do the shared beliefs guide adaptation decisions on different time 
horizons and joint decisions of adaptation? 
viii 
 
(c) If farmers are guided by commonly held beliefs, what factors lead to 
individual variations in adaptation choices? 
(d) What factors govern the sensitivity to surprise rainfall events that fall outside 
farmers’ rainfall expectations? 
 
The study used primary data collected from a household survey of 181 farmers in 
nine villages in three tank cascade systems in the Anuradhapura district of Sri Lanka, 
focus group discussions (FGDs), expert interviews and secondary data from local 
weather stations. The data was used to empirically test propositions and hypotheses 
based on a conceptual framework that was developed from the insights of formal 
theories on risk behaviour, recent advances in behavioural decision theory and 
empirical studies on farmers’ climate adaptation behaviour. The analytical tools used 
included consensus analysis (CA), descriptive statistical methods and estimation of 
multiple regression models.  
 
The results of the study showed a sufficient level of consensus in farmers’ rainfall 
expectations to confirm the existence of commonly held beliefs about the pattern of 
variability in local rainfall. Shared beliefs were assessed to be consistent with the 
pattern of variability indicated by rainfall data from local weather stations.  However, 
farmers’ responses did not show sufficient level of consensus to confirm the 
existence of shared perceptions about long-term changes in local rainfall. The study 
provides evidence to support the proposition that shared beliefs have an influence on 
farmers’ adaptation decisions. The beliefs appear to guide three hierarchical levels of 
decisions: broad prospects of adaptation, farming activities coming under broad 
prospects and operational arrangements of activities.  As far as joint adaptation 
ix 
 
decisions of farmers were concerned, ownership arrangements of livelihood provide 
flexibility to adjust to conditions of temporal scarcity of water. In this setting, the 
shared beliefs facilitate collective decisions of farmers coordinated through local 
institutions.  
 
The study also found that in spite of the influence of shared beliefs, farmers make 
adaptation choices subject to individual levels of household adaptivity. Econometric 
models that were estimated to test the hypotheses suggest that household adaptivity 
is significantly affected by personal-, household- and community-level variables, 
including personal experience, age categories and the endowments, earnings and 
location of households. The most important variable for explaining the sensitivity to 
surprise rainfall events was the level of exposure to the shock and the household 
coping capacity to respond. 
  
The study has a number of general and area-specific policy implications. It strongly 
emphasises the importance of taking farmers’ beliefs into consideration in designing, 
producing and communicating climate information products and interventions, such 
as long-term climate projections, seasonal precipitation forecasts (SPFs) and short-
term weather forecasts. The concept of household adaptivity links important policy 
concepts such as adaptive capacity and vulnerability with the individual perceptions 
of risks in decision-making behaviour of adaptation. The study suggests that welfare 
losses caused by surprise events could be reduced by focusing on interventions that 
help to minimise sensitivity to the events and increasing the household capacity to 
respond to them.  
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Chapter 1: Introduction 
 
Climate change could have a far-reaching impact around the world (Bierbaum et al. 
2007; IPCC 2007; Stern 2007). Farming communities in developing countries, whose 
livelihoods depend heavily on weather and climate, are among the most vulnerable 
(Collier et al. 2008; Jarvis et al. 2011; Lobell et al. 2008; UNDP 2007). Of the two 
major categories of farmers in developing countries—rain-fed and irrigated—the 
livelihoods of rain-fed farmers are naturally more vulnerable to climate uncertainty. 
The vast majority of developing country farmers live under rain-fed conditions in 
arid, semi-arid or dry sub-humid agro-climatic environments, ranging from around 
60 to 75 per cent in Asia and Latin America to over 90 per cent in Sub-Saharan 
Africa (Rosegrant et al. 2002; Wani et al. 2009). Many of these regions are in 
tropical areas, which usually have warm climatic conditions. According to global 
climate projections, precipitation patterns in many of these regions are undergoing 
significant changes (Mertz et al. 2009). Therefore, rain-fed farmers in the developing 
world are likely to face more severe conditions of climate uncertainty in the future. 
 
1.1 Climate Uncertainty and Village Tank Farmers in Sri Lanka 
 
Farmers in village tank systems 1  in the dry zone of Sri Lanka exemplify the 
vulnerability of communities that depend on local rainfall for their livelihood. Sri 
Lanka is a tropical island in South Asia, a disaster-prone region that frequently 
experiences weather extremes. It is a developing nation with a large poor population, 
                                                             
1 Sometimes village tanks are referred to as minor irrigation schemes. This is a misnomer given that 
many tanks are dependent heavily on local rainfall and farming systems practised under them have 
predominantly rain-fed characteristics. Therefore, it is more appropriate to identify them as ‘semi rain-
fed’ systems.   
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the majority of whom are in rural areas with livelihoods dependent on agriculture. 
Over 75 per cent of the population lives in rural areas and 33 per cent of them are 
engaged in agricultural livelihoods. Average monthly income of a rural household 
was 322 US$ in 2012 (Department of census and statistics 2012).  
 
According to the spatial distribution of rainfall, the country can broadly be divided 
into two climatic zones: wet and dry. The wet zone has high annual rainfall, and 
perennial plantation crops such as tea, rubber and coconut are the major forms of 
agriculture. The majority of the agriculture involves small-scale peasant farming 
enterprises located in the dry zone. Over 85 per cent of paddy lands is located in 
districts that have at least  part of the area covered under dry zone and 49 per cent of 
dry zone land is cultivated under semi (minor irrigations; village tank systems) or 
pure rain-fed conditions (Department of census and statistics 2010).  According to 
the last agricultural census, 79 per cent of this land was holdings of less than 2 
hectares (Department of census and statistics 2002).    
 
Dry-zone farmers face conditions of water stress throughout a major part of the year, 
except during the relatively short rainy period (Alles 1971; Panabokke and 
Punyawardena 2010; Tennakoon 1986). Figure 1.1 highlights the general condition 
of water scarcity faced by many farmers in the dry zone.  The dry zone has a bimodal 
rainfall pattern with a relatively high peak of rainfall in October-December period 
and a minor peak in April. The area also has a relatively high rate of evaporation. As 
a result, a negative balance in water supply can be observed around half of the year, 
leading to a lengthy dry spell during the May-September period.   
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1.1 (a): rainfall and evaporation  
1.2  
 
1.1 (b): net supply 
 
Figure 1.1: Situation of Water Availability in Dry Zone – Maha Illuppallama 
(1992-2001) 
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In addition, the rainfall distribution in many localities shows high annual variation 
(Punyawardena 2009; Yoshino et al. 1983; Yoshino and Suppiah 1983). The 
significant fluctuation of rainfall sometimes leads to extreme events such as flash 
floods and droughts that cause widespread damage to livelihoods. Therefore, 
persistent risk of rainfall fluctuations, lengthy dry spells and extreme rainfall events 
have always been a part of the livelihood of village tank farmers in the dry zone. 
 
Village tanks, which are community-owned rainwater-harvesting facilities, were a 
historical adaptation to counter conditions of water stress created due to variability of 
rainfall by temporal re-distribution of water from rainy season. They help to store the 
surplus from the short rainy season for the lengthy dry spell that follows (Panabokke 
et al. 2001; Tennakoon 2001). Village tanks, usually cover a shallow water area that 
varies widely from about two to 600 hectares although most have surface areas 
below 60 hectares (Somasiri 1980; 2001). They capture and store water from the 
direct fall and runoff flow of local precipitation. It has been estimated that over 
18,000 village tanks are scattered in the dry zone areas of the country (Ratnatunge 
1979; Somasiri 2001).  
 
Many village tanks are several centuries old, and some date back around two 
millennia (Siriweera 2001; Tennakoon 2001). They are common property resources 
with an established system of institutional arrangements believed to have evolved in 
response to changing socio-economic circumstances throughout history (Aheeyar 
2001; Panabokke et al. 2002). Currently, the tanks are managed by ‘Farmer 
Organisations’ (FOs), which have been legally sanctioned by the Agrarian 
Development Act of 2000.  
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The recent innovation of agro-wells has also enabled a section of farmers to tap the 
shallow groundwater storage. Agro-wells are based on shallow regolith aquifers 
confined to limited areas in the local landscape (Panabokke 2008; Panabokke and 
Perera 2005). Like village tanks, agro-wells are dependent on local rainfall for the 
annual recharge of water.2 In addition, they are partly fed by the seepage from village 
tanks (Senaratne 1996).  
 
These facilities help to ease the conditions of water stress faced by village tank 
farmers by manipulating the limited supply of water available from local rainfall to a 
certain extent. However, they do not alter the basic conditions of the rainfall risk, that 
is, the problem of limited, unevenly distributed rainfall with high fluctuations. Both 
tanks and agro-wells are continuously dependent on local rainfall. An adverse 
fluctuation in rainfall, even in a single year, could lead to conditions that are 
detrimental to the livelihood security of farmers (Tennakoon 1986).  
 
The unforeseen effects of global climate change have the potential to complicate the 
situation further. Recent studies have indicated a significant decline in the mean 
annual rainfall in many areas of the dry zone over the past 140 years (Costa 2008; 
Eriyagama et al. 2010), which may lead to an increase of 13–23 per cent in the 
irrigation water requirement of paddy―the staple crop in the dry zone―by 2050. 
Several dry-zone districts—including Anuradhapura, which has the highest area 
under village tanks—were identified as vulnerability hotspots by a recent 
International Water Management Institute (IWMI) study (Eriyagama et al. 2010). In 
addition, various studies suggest that the intensity and frequency of extreme climate 
                                                             
2  Agro-wells are not sourced by any deep-seated groundwater aquifers, as there is very limited 
potential for them in the hard crystalline rocks underlying the dry zone, except in the sporadically 
occurring fracture areas (Panabokke 2008).  
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events have recently increased (Eriyagama et al. 2010; Imbulana et al. 2006; 
Ratnayake and Herath 2005). Growing evidence on climate change from all sources 
appear to indicate that village tank farmers are likely to face more severe conditions 
of water stress in the future. 
 
1.2 Climate Uncertainty and Adaptation 
 
Since the advent of the agricultural era, adaptation has been the key strategy to help 
farmers all over the world face climatic uncertainty. Adaptation is a continuous 
process of adjustment that helps to moderate, cope with or take advantage of the 
impact of climatic variability and change (IPCC 2007). Farmers have inherently been 
adaptive and have acquired a wealth of experience in the long history of adaptation 
(Bellow et al. 2010; Cooper et al. 2008; Hageback et al. 2005; Nyong et al. 2007; 
Thomas et al. 2007; Ziervogel et al. 2006). A significant share of the livelihood 
assets and skills/knowledge of farming communities can be recognised as a result of 
their climate adaptation efforts. This includes biological assets (e.g., 
species/varieties) that tolerate diverse climatic conditions, physical assets such as 
irrigation and rainwater-harvesting facilities and knowledge assets pertaining to 
drought/flood management techniques and water conservation methods (Bellow et al. 
2010; Mblinyi et al. 2005; Nyong et al. 2007; Pandey et al. 2003). Such assets and 
skills have contributed to the development of  ‘adaptive capacity’ of farmers, 
enabling them to cope with the risks associated with climate in a more effective 
manner.  
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Mounting concerns over global climate change have given new impetus to research 
on climate adaptation. According to the Intergovernmental Panel on Climate Change 
(IPCC) (2007), the world’s premier scientific body on climate change, ‘there are 
some impacts [of climate change], for which adaptation is the only available and 
appropriate response’. IPCC assessment reports and other global studies have 
recognised adaptation as one of two key strategies 3  against climate change 
(Bierbaum et al. 2007; IPCC 2007; Stern 2007; UNDP 2007). As a result, adaptation 
has become an important research area, attracting contributions from a variety of 
disciplinary interests. 
 
Many researchers have asserted the importance of adaptation policies in facing the 
impacts of climate change and the need to evaluate the economic impacts to 
formulate better policies. Consequently, two major themes appear to dominate the 
economics research on adaptation: the economic evaluation of the impacts of climate 
change (Adams et al. 1999; Cline 2007; Mendelsohn et al. 1994; Perace et al. 1996; 
Seo and Mendelsohn 2008; Tol 2002) and the assessment of vulnerability and 
prospective interventions that can moderate the damage of the impacts (Füssel 2006; 
Heltburg et al. 2008; O’Brien et al. 2004; Reardon and Taylor 1996). Several recent 
studies have focused on the impacts of climate change on farming communities 
(Cline 2007), attempting to evaluate the impacts projected by global circulation 
models (GCMs) on their economic welfare. 
 
Despite recent enthusiasm over ‘public’ adaptation policies, adaptation used to be the 
domain of individual and local community decisions for farmers whose livelihoods 
                                                             
3 ‘Mitigation’ is the other key strategy, which aims to reduce the level of greenhouse gas (GHG) 
emissions through cooperative action. 
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are regularly threatened by climatic uncertainty. Farmers have apparently been 
making adaptation decisions on a day-to-day basis, long before present-day concerns 
about global warming arose (Cooper et al. 2008; Nyong et al. 2007; Tshakert 2007; 
Ziervogel et al. 2006). They would continue to do so regardless of whether observed 
impacts are the result of human-induced change or natural variability.  
 
Failure to give sufficient attention to farmers’ actual decisions would inevitably 
restrict the usefulness of prospective interventions, irrespective of the technical merit 
of impact evaluations and policies. It is overly optimistic to expect farmers to change 
their behaviour if proposed interventions are not compatible with their own decision 
criteria for adaptation (Patt and Schroter 2008; Slegers 2008). Hence, a pragmatic 
approach to adaptation policy should take farmers’ actual adaptation behaviour into 
consideration in all steps of policy formulation. This would invariably help to 
formulate better policies and appropriate incentives to facilitate farmers’ adaptive 
capacity. Therefore, the first step towards sound adaptation policy is to obtain a clear 
idea about farmers’ actual behaviour in making adaptation choices in their own 
environments. 
 
However, research on the adaptation behaviour of farmers has remained a backdrop 
to the major themes of impact evaluations, vulnerability assessments and prospective 
interventions. A few recent studies have approached the problem from behavioural 
perspectives, stressing the importance of behavioural research concepts such as 
probabilistic expectations, decisions by experience and experiential processing for 
understanding farmers’ adaptation decisions and examining their implications in 
selected farming communities (Hansen et al. 2004; Marx et al. 2007; Weber 1997; 
27 
 
2006). A few studies have attempted to identify the factors that govern individual 
adaptive actions by farmers in developing countries against climate change impacts 
(Bryan et al. 2009; Deressa et al. 2009; 2011; Gbetibouo 2009; Hassan and 
Nhemachena 2008; Maddison 2007; Yesuf et al. 2008). Such behavioural studies on 
adaptation have been complemented by supporting evidence from other research 
areas, including ethno-climatology, agro-climatology, assessment of seasonal 
precipitation forecasts (SPFs) and experiments on risk perception (Lybbert et al. 
2007; Materer et al. 2002; Meze-Hausken 2004; Orlove et al. 2009; Osbahr et al. 
2011; Rao et al. 2011; Roncoli 2006; Roncoli et al. 2002; Sherrick et al. 2000; 
Slegers 2008; Thomas et al. 2007; Tucker 2007). In spite of their different analytical 
perspectives, these studies from diverse disciplines have offered useful insights on 
the adaptation behaviour of farmers. Therefore, behavioural studies on adaptation 
can be considered an emerging theme of research in the broad subject area of climate 
adaptation. 
 
1.3 Motivation for the Study 
 
The key to understanding farmers’ adaptation behaviour is examining the nature of 
the choices involved in their decisions under specific constraints they face. Recent 
studies from several disciplines offer useful clues to examining farmers’ adaptation 
decisions. Some researchers have suggested that they are shaped by the personal 
experience acquired from repeated adaptation decisions in the past (Hansen et al. 
2004; Marx et al. 2007; Weber 1997). This is supported by recent developments in 
risk theory on ‘decisions by experience’ (Hansen et al. 2004; Marx et al. 2007).  
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Nevertheless, there are certain drawbacks to this idea. In practice, farmers experience 
rainfall as a series of observations extended over several years, which implies that 
adaptation decisions based on experience must depend heavily on long-term memory 
and associated cognitive skills. The findings of behavioural economics suggest that 
the risky decisions based on probabilistic expectations of decision-makers are often 
associated with inherent cognitive biases and memory limitations (Tversky and 
Kahneman 1974; Nicholls 1999; Tucker 2007; Weber 2010). As this also appears to 
apply to adaptation decisions based on personal experience, on their own they cannot 
be expected to provide a reliable guide for adaptation decisions. 
  
Alternatively, there is significant evidence indicating that farmers’ adaptation 
decisions are influenced by ‘shared beliefs’ 4  about local rainfall in addition to 
personal experience (Lybbert et al. 2007; Roncoli et al. 2002; Tucker 2007). This 
suggests that farmers also place their trust upon locally shared beliefs formed over 
long-term collective memory as a guide for making adaptation decisions. Usually, 
such beliefs encompass a familiarity with local weather patterns and a set of local 
signs that provide clues about oncoming climate (rainfall) events (Orlove et al. 2009; 
Slegers 2008). These signs appear in the local environment and can be called local 
climate indicators. Farmers gain access to shared beliefs through a social process of 
knowledge transmission (Orlove et al. 2009; Roncoli et al. 2002). 
 
The farmers’ beliefs can also be viewed as an issue of information asymmetry for 
decisions on adaptation. From the perspective of adaptation policy, there are 
alternative sources of information for adaptation decisions. Besides, belief-based 
                                                             
4 The term ‘shared beliefs’ is used here to cover closely connected terms used by researchers, such as 
locally held beliefs, ethno-theories, local models, collective perceptions and common understanding. 
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systems, there is also climate predictions based on systematic gathering and formal 
analysis of weather data (Hansen 2002).  It is a well-known fact that developed 
country farmers have gainfully used them for decades.  Despite merits of local belief 
systems, another factor that compels farmers in developing countries to rely more on 
local beliefs is the absence, limited access or poor functionality of formal climate 
information systems.  Some have suggested that farmers’ beliefs and formal 
observations could compete with each other (Lybbert et al. 2007).   However, several 
studies undertaken in developing counties, especially Sub Saharan Africa, to 
introduce formal products of climate information to farmers have produced mixed 
results (Giné et al. 2009; Luseno et al. 2003; Lybbert et al. 2007; Nicholls 1999; 
Roncoli 2006; Sherrick et al. 2000; Ziervogel 2004).  Therefore, current knowledge 
on connectivity between the two systems can best be considered as imperfect.  
 
Such shared beliefs regarding local climate also appear to exist among village tank 
farmers (Punyawardena 2009; Tennakoon 1986). Unmistakable evidence for this is 
the local agricultural calendar based on two farmer-defined seasons known as Maha 
and Yala. Punyawardena (2009) observed that certain local beliefs correspond 
closely with the general pattern of a ‘climatic year’ in the dry zone indicated by a 
systematic analysis of weather data. Tennakoon (1986) documented the local beliefs 
of village tank farmers on the conditions of droughts and dry spells, as well as the 
local indicators used to predict a ‘drought in offing’. Important clues for the 
existence of their shared beliefs are also provided by collective decisions on practices 
such as bethma (Aheeyar 2001; de Jong 1989; Panabokke et al. 2002) in which 
farmers jointly determine the total cultivable area by taking rainfall expectations and 
observations on water availability in tanks into consideration. This kind of 
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community-based adaptation would not be possible if it were not facilitated by 
shared beliefs that help to form common rainfall expectations. Overall, there is 
substantial evidence that village tank farmers have common decisions that are 
influenced by their own beliefs and that of their peers. 
 
1.4 Research Problem  
 
The basic research problem that this study addresses is concerned with the question 
of how village tank farmers’ shared beliefs guide their adaptation decisions.  Shared 
beliefs and adaptation choices represent two broad concepts. Therefore, the 
problem—how shared beliefs guide adaptation decisions—also is a broad research 
problem that can be viewed from several perspectives.  This broad problem raises an 
exciting array of issues that are relevant in the context of the ongoing discourse on 
climate adaptation.   
 
It has a direct connection to the perception of climate risks, an issue, which has given 
rise to a viable research agenda within the realm of climate adaptation studies.  
Perception of climatic variability and change is identified as a prerequisite for 
offering effective responses of adaptation  (Mertz et al 2009; Osbahr et al. 2011; Rao 
et al 2011; Slegers 2008; Tucker et al. 2010; West et al. 2008). Beliefs and 
perceptions are closely related concepts.  It immediately gives rise to questions such 
as how shared beliefs influence farmers’ perceptions and can farmers rely upon their 
beliefs to perceive emerging changes in the global climate system. 
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Similarly, adaptation decisions have to deal with a complex range of choices that 
involve different time horizons. Risbey et al. (1999) identified three broad classes of 
such adaptation decisions by farmers: long-term structural adaptations, medium-term 
strategic adaptations and short-term tactical adaptations. If farmers’ beliefs are 
guided by shared beliefs, decisions on different time horizons could be expected to 
be influenced by their beliefs. Hence, how shared beliefs guide a variety of decisions 
taken over different time horizons is another question that emerges.  
 
The idea of ‘commonly held’ beliefs touches another dimension that covers a range 
of issues.  One area is joint or collective decisions of adaptation.  Village tanks are 
common property resources and community management of village tanks can be 
expected to have a connection with joint adaptation decisions. Benefits of such 
actions are collective gains, which are shared by members of the community 
concerned (Agrawal, 2009; Mendelsohn 2000). It is interesting to know what type of 
role farmers’ commonly held beliefs on climate play in joint adaptation and 
community management of resources.  On the other hand, the same issue of common 
influence of beliefs raises the question how the individual variations observed in 
farmers’ adaptation choices could be explained if their decisions are guided by 
shared beliefs.  
 
Another important aspect relating to farmers’ rainfall expectations is surprise climate 
(rainfall) events. Unanticipated events that take farmers by surprise can bring about 
livelihood shocks depending on their scale. They are occasional, but not uncommon 
for village tank farmers. The most recent event took place during the study period, a 
few months prior to the field collection of data. Flash floods associated with an 
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extreme event of rainfall occurred around the harvesting period, resulting in 
significant damage to livelihoods. A surprise event is one that could not be predicted 
by decision-makers’ beliefs/expectations (Streets and Glantz 2000; Teigen and Keren 
2003) and hence can be considered a failure of farmers’ expectations/beliefs 
(Maguire et al. 2011). Coping with such events can be considered an important part 
of village tank farmers’ adaptation decisions.  Gains of understanding from 
examining them with relation to shared beliefs would be useful for finding ways to 
enhance farmers’ capacity to face such shocks. 
 
While the broad research problem concerned with shared beliefs and adaptation 
raises some interesting research issues, examining them is a challenging task. In the 
first place, there are measurability and identification problems associated with the 
study of beliefs.  Beliefs are not readily observable or measured in objective terms. 
Besides, in day-to-day decisions, beliefs can become combined with personal 
experience and are therefore not discretely identifiable. Consequently, tracing the 
specific beliefs that influence farmers’ adaptation decisions is a less practicable task 
with limited rewards.  On the other hand, conventional decision research tools such 
as expected utility models and prospect theory (PT), offer little scope for examining 
beliefs as a guide to decisions on adaptation.  
 
As a result, despite significant evidence on farmers’ shared beliefs, the specific roles 
they play in adaptation decisions remain largely an unexplored area. While it appears 
that farmers’ decisions are guided by their shared beliefs, the specific criteria 
involved in the decision process are still unclear. Recognising these criteria can 
provide useful insights regarding the adaptation behaviour of village tank farmers 
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and of other farming communities that face similar circumstances. A detailed answer 
for this broad problem may require a multifaceted approach that builds upon a 
stepwise process. 
 
Shared beliefs on local climate seem to offer a promising path to understanding the 
adaptation behaviour of village tank farmers.  However, this is also an arduous path 
as many theoretical and empirical challenges are involved.  Overcoming these 
challenges requires innovative thinking in terms of conceptual development, data 
collection and methods of analysis.   The motivation for this study has been provided 
by this interesting, yet challenging, task of understanding farmers’ adaptation 
decisions in relation to the beliefs they share with each other on local climate.  This 
study examines the role of shared beliefs on climate adaptation decisions as risky 
choices to shed more light on the adaptation decisions of village tank farmers. There 
are two aspects of risks involved here: the general situation of risk that affect the 
village tank communities as a whole and idiosyncratic risks that affect farmers 
individually, conditioned by personal circumstances and individual characteristics.   
While the study focuses on the specific conditions faced by village tank farmers in 
the dry zone of Sri Lanka, it also generates insights that are relevant to comparable 
circumstances elsewhere.  
  
1.5 Objectives 
 
Based on the research problem outlined above, the specific objectives of this study 
can be stated as follows: 
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1. Examine farmers’ shared beliefs and perceptions about local climate with 
reference to their choice of adaptation options. 
2. Analyse the role played by shared beliefs in the diverse range of adaptation 
decisions including joint adaptations. 
3. Identify factors that give rise to individual variation in adaptation choices 
despite the common influence of shared beliefs.  
4. Examine the impacts of surprise rainfall shocks when farmers’ beliefs fail to 
anticipate them. 
5. Identify policy implications from the findings, which can facilitate the 
adaptation efforts of farmers by enhancing their adaptive capacity. 
 
1.6 An Overview of the Study  
 
A conceptual framework developed to explain farmers’ adaptation decisions based 
on formal theories of risky choice, behavioural economics concepts and empirical 
literature on climate adaptation by farmers guided this study. Propositions and 
hypotheses on specific research problems were developed on the basis of this 
framework and tested empirically using primary and secondary data from a sample 
of village tank farmers in Sri Lanka. Major sources of primary data included a 
household survey and focus group discussions (FGDs) with a group of farmers 
selected from the same villages. Rainfall data from a local weather station and other 
secondary data from the area supplemented the analysis. Tests conducted used both 
quantitative and qualitative methods of analysis. The former included consensus 
analysis (CA), descriptive statistical methods and multiple linear regression; the 
latter were used to analyse data from the FGDs. Based on the conclusions drawn 
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from these empirical tests, relevant policy implications and further research needs 
were identified.  
 
1.7 Organisation of the Thesis  
 
The thesis has seven chapters. The literature relevant to the research problem 
outlined in this chapter is reviewed in Chapter 2, including formal theories of risk 
behaviour, recent advances in behavioural theory and empirical studies on the 
climate adaptation behaviour of farmers. Based on the insights of this review, 
Chapter 3 presents a conceptual framework developed to explain farmers’ adaptation 
decisions. Chapter 4 uses this framework to derive propositions and hypotheses to 
answer the research questions. Chapter 5 presents the methodology that was designed 
to empirically test these propositions and hypotheses. It outlines the study area, the 
sources and collection methods of data and the analytical tools used in the study. The 
research design is summarised in a matrix at the end of the chapter. Chapter 6 
presents the findings of the study in relation to the research questions. Chapter 7 
discusses the conclusions and policy implications from these findings. It also 
discusses the limitations of the study and further avenues for research. The 
questionnaire used for data collection is  in Appendix 2. 
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Chapter 2: Choice under Climate Risk and Uncertainty—
Key Concepts and Models  
 
The problem discussed in Chapter 1 is a broad research problem, and it needs to be 
approached through well-specified research questions.  In addition, a suitable 
analytical framework is also necessary to examine those research questions.  Both—
identifying a set of specific research questions and developing a conceptual 
framework to analyse them—are challenging tasks. This chapter reviews the 
literature relevant for this study with the aim of identifying specific research 
questions and gathering essential insights for the conceptual framework discussed in 
Chapter 3. 
 
The key area of economics theory that deals with the research problem is decisions 
under risk and uncertainty.  However, conventional decision theories offer little 
scope for analysing shared beliefs in a straightforward manner. Practical 
circumstances faced by village tank farmers and specific conditions associated with 
climate risks further complicate the situation.  
 
The approach taken in the literature review to overcoming this challenge can be 
summarized as follows.  Firstly, a broad review of major tools of economic 
analysis— expected utility theory (EUT) and prospect theory (PT)―was carried out 
to identify the key structural elements involved in risky choice decisions of climate 
adaptation. The review helped to identify: (a) specification of risky choice problem, 
(b) decision criteria for making choice among alternative selections, (c) probabilistic 
expectations of decision-makers and, (d) theoretical devices for explaining individual 
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variations as the key structural elements of risky choice decisions.  In the next step, 
outstanding conceptual and empirical issues involved in the context of farmers’ 
adaptation responses that cannot be captured through major theories were recognized. 
In the third step, recent advances in behavioural decision theories and empirical 
literature from multi-disciplinary research on climate adaptation were explored with 
the aim of identifying appropriate conceptual tools to examine those outstanding 
issues. Key areas that were explored include decisions by experience, shared beliefs 
and expectations, joint adaptation and climate surprises.   
 
Based on the ideas generated in the review, the chapter identifies four specific 
research questions for in-depth examination. They examine four interconnected 
aspects of the broad research problem concerned with shared beliefs and adaptation 
choices.  The specific aspects covered by the research questions are farmers’ 
perceptions of rainfall risk, temporal (long-, medium- and short-term) and collective 
decision (individual and joint) of adaptation choices, individual variations in 
adaptation choices and, outcomes of surprise climate shocks. In addition to 
identification of research questions, the chapter also summarises insights from the 
review to lay a logical foundation for the conceptual framework discussed in Chapter 
3. 
 
2.1 Adaptation: Definitions and Key Concepts  
 
The concept of adaptation has a relatively long history in academic literature in the 
natural and social sciences, such as evolutionary biology and cultural anthropology 
(Denevan 1983; Smit and Wandell 2006; Smithers and Smit 1997). In the biological 
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sciences, it refers mainly to the development of genetic and behavioural 
characteristics by species and higher order units of biological organisation to cope 
with environmental changes in order to survive and reproduce (Smit and Wandell 
2006.). In anthropology, the term has been used to examine phenomena such as 
‘cultural’ adaptation, mostly dealing with aspects such as cultural practices and 
technological innovations (Denevan 1983). Similarly, the term has been used by 
scholars to describe survival strategies of peasant agrarian societies in the face of 
rapidly changing socio-economic circumstances (Barlett 1980; Bennett 1976). Hence, 
adaptation is not a concept unique to climate change literature. In this study, however, 
attention is focused solely on the concept of ‘climate adaptation’ without any explicit 
or implicit references to its biological and anthropological connotations. 
 
According to a widely quoted definition, popularised by the IPCC (2001; 2007) 
through numerous communications and reports, climate adaptation refers to actions 
taken to moderate, cope or take advantage of experienced or anticipated changes in 
climate. This definition, however, fails to capture some essential aspects of 
adaptation as a form of human behaviour. According to many scholars, the essence 
of the concept of adaptation is adjustment of behaviour (Adger et al. 2009; Gallopin 
2006; McCarthy et al. 2001; Nelson 2007; Smit et al. 2000; Smith et al. 1996). More 
precisely, adaptation is adjustment of behaviour in response to stress conditions or 
change. Stimulus for climate adaptation is provided by variability and change of 
climate (Smit et al. 2000; Smit and Skinner 2002). Climate stimuli could either be 
actual or expected (Adger et al. 2009). Often, scholars seem to prefer defining 
adaptation with respect to entire systems rather than to individuals (Smit et al. 2000; 
Smithers and Smit 1997). Hence, climate adaptation can more comprehensively be 
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defined as adjustments in the behaviour of natural and social systems and their 
members in response to actual or expected variability or change in climate in order to 
moderate and cope with harmful impacts or to take advantage of opportunities.  
 
Parties that directly face climate risks (e.g., farmers) are the main stakeholders of 
adaptation. They can make adaptation responses by their own choice or under the 
influence of policy. The former is known as autonomous (voluntary) adaptation 
(Smit et al. 2000; Smit and Skinner 2002) and the latter as policy-induced adaptation. 
Policy-induced adaptation also involves other concerned stakeholders such as state 
agencies and national and local institutions.  
 
Adaptation takes place against the risk of climatic variability and change. Climatic 
variability/change is characterised by covariate risks (Heltburg et al. 2008), which 
implies that they usually affect an entire community simultaneously.5 This is due to 
the geographic spread of climatic events, which usually covers extensive areas of 
human habitation. This situation usually rules out the options for pooling or 
transferring risk in adaptation responses at the local level (Heltburg et al. 2008).  
 
Adaptation is a dynamic adjustment process that takes place in response to changing 
circumstances of environmental conditions.  Hence timing of adaptation responses is 
a crucial factor.  Based on timing of adaptation responses in relation to observation 
of impacts, two broad classes of adaptation measures can be identified.  They are 
anticipatory (ex-ante) and reactive (ex-post) adaptations (Smit et al., 2000). Ex-ante 
adaptation decisions are taken before an event of climate takes place, anticipating its 
                                                             
5 The opposite is idiosyncratic risks, which usually have individual effects (e.g., illnesses). 
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impacts on choice outcomes. Hence, ex-ante adaptation requires some foresight of 
climate events and ability to anticipate their impacts.  In contrast, ex-post adaptations 
are actions taken in response to impacts that have already taken place.  
 
2.2 Adaptation as a Risky Choice: A Review of Major Theoretical 
Ideas 
 
The fundamental theoretical issue involved in the economic analysis of adaptation 
behaviour is choice under risk and uncertainty. Uncertainty6 is a situation where 
decision-makers face a choice among outcomes that result from random events (Mas-
Colell et al. 2005). Random events are different states of the world, which are 
mutually exclusive of each other. Decision-makers have to consider probable 
outcomes that can result from their choices under different states of the world before 
making a decision. At the end, only one out of all probable outcomes would be 
realised, and decision-makers do not know the outcome at the time they make the 
decision. Once the outcome has occurred, uncertainty is resolved. The relationship 
between choices, events (states of the world) and outcomes is shown in Figure 2.1.  
  
 
 
 
  
Figure 2.1: Choice, Events and Decision Outcomes 
 
                                                             
6 Knight (1921) is widely credited for distinguishing between concepts of risk and uncertainty (Hau et 
al. 2010; Rackow and Newell 2010). Risks are situations where ‘probabilities (of events) are available 
to guide the choice’, while uncertainties are when ‘information is too imprecise to be summarised 
adequately by probabilities’. 
Choice Options  
States of the 
World 
Probable 
Outcomes
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Adaptation decisions by farmers are essentially risky choices due to the random 
nature of climatic events. They involve choice among the alternative forms of 
adjustments that can either moderate losses or take advantage of the impacts of 
uncertain climatic events. Climatic events are different states of the world that can 
give rise to the variable outcomes of farmers’ choices. At the time farmers make their 
adaptation decisions, the final outcomes are unknown to them. Since adaptation 
decisions are economic choice decisions, drawing necessary insights from the current 
theoretical ideas on risky choice is an essential first step in understanding farmers’ 
adaptation behaviour.  
 
Economists and other decision researchers have proposed various models to explain 
choices under risk and uncertainty. Expected utility theory (EUT), originally 
proposed by John Von Neumann and Oscar Morgenstern in 1944, has been the 
dominant approach used for the analysis of risk and uncertainty in economics from 
the mid-twentieth century.  EUT provides a logical foundation to examine rational 
preferences over risky alternatives. Von Neumann and Morgenstern introduced an 
axiomatic structure that imposes very specific conditions on the functional form of 
preferences (utility function) so that cardinal utilities can be derived over outcomes 
of a risky choice while preserving the preference order over alternatives 
(Schoemaker 1982; Starmer 2000; Weber and Johnson 2009). Based on these axioms, 
the theory examines how a rational individual would make choices when presented 
with a risky alternative. 
 
Despite its sound axiomatic structure, however, EUT has constantly attracted critical 
scrutiny, especially on the grounds of contradictory empirical evidence relating to the 
42 
 
model’s performance. Empirical studies from the early 1950s revealed a variety of 
choice behaviour patterns that are inconsistent with EUT (Starmer 2000). Real-world 
observations of actual choice behaviour and evidence from experimental studies on 
violations of assumptions, cognitive limitations and framing effects have shown that 
EU maximisation is more an exception than the rule (Camerer and Kunreuther 1989; 
Schoemaker 1982; Starmer 2000; Weber and Johnson 2009). As a result, EUT has 
been identified by some as a more preferable model for analysing optimal decisions 
rather than explaining real-life choices under risk and uncertainty (Weber and 
Johnson 2009).  
 
The observed weaknesses of EUT as a descriptive model of behaviour provided the 
motivation to search for non-EUT alternatives (Machina 1987; Starmer 2000). 
Among the considered alternatives, theories/models that emphasised the 
psychological aspects of human behaviour under risk have an important place 
(Camerer 1998; Weber and Johnson 2005). Prospect theory (PT) by Kahneman and 
Tversky (1979) has emerged as a major alternative for EUT. Kahneman and Tversky 
proposed PT in two articles published in 1979 and 1992. Their aim was to develop a 
descriptive theory that could explain many anomalous observations accumulated 
over the years by incorporating psychological aspects of decision-making (Weber 
and Johnson 2009). PT attempts to model real-life choices rather than optimal 
decisions. As a descriptive alternative to EUT, PT introduces additional structural 
features that incorporate certain psychological aspects into decision-making process.  
 
In the forthcoming section, a review of EUT and PT is presented here with the 
objective of identifying the core structural elements.  The ultimate aim of this review 
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is identifying specific research questions and drawing necessary insights for a 
conceptual framework on farmers’ adaptation decisions. The review of PT presented 
here is based on Fox and Poldrack (2009), Kahneman and Tversky (1979), Levy 
(1992) and Tversky and Kahneman (1992).  
 
2.2.1 Theories on Choice under Risk and Uncertainty: Core Structural 
Elements   
 
In spite of the relative strengths and weaknesses of different models on risk and 
uncertainty, they appear to have some common structural elements. It is necessary to 
identify these core elements of risk theories to examine farmers’ adaptation choices. 
From the perspective of adaptation decisions, four major structural elements can be 
identified:   
 
x Specification of risky choice problem 
x Decision criteria for making choices among alternative selections 
x Probabilistic expectations/judgements of decision-makers  
x Theoretical devices for explaining individual variations of choice 
 
2.2.1.1 Specification of Risky Choice Problem 
 
In EUT, risky choices are formally represented by lotteries or gambles in the 
economic literature (Jehle and Reny 2011; Mas-Colell et al. 2005). A lottery may 
consist of a number of outcomes. Outcomes are pay-offs (e.g., consumption bundles, 
monetary rewards) with a certain level of probability of occurrence that would result 
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from decisions by decision-makers under different possible states of the world. 
Choice does not depend on outcomes but the utility they generate.  
 
 
 
 
Figure 2.2: Structure of a Risky Choice 
 
A lottery may be simple or compound. A simple lottery may be represented by a list: 
 
L = (X1, ………… Xn; P1, ………… Pn)   (2.1) 
Where, 
Xi = Outcomes (pay-offs) 
N = number of outcomes;  
Pi = probability of ith outcome; Pi > 0; 6Pi = 1  
 
The number of outcomes is equal to the number of possible states of the world 
(events).  
 
In compound lotteries, pay-offs themselves are simple lotteries. Compound lottery C:  
 
 C = (L1, ………… Lk; α1, ………… α k)  (2.2) 
Where, 
Li = Pay-offs (lotteries) 
K = Number of lotteries 
α i = probability of ith lottery; α i > 0; 6 α i = 1  
 
Risky alternative 
(Set of probable 
outcomes) 
Utility 
 
Choice 
45 
 
The kth simple lottery: 
Lk = (X1, ………… Xn; P1, ………… Pn)  (2.3) 
 
Then, the overall probability of an outcome (ith outcome of the kth lottery) can be 
estimated by: 
Probability of Xi = α i. Pi 
 
The reduced form of the compound lottery can be written as:  
 
C = α1L1 +………… + α kLk   (2.4) 
 
In PT, risky choices are identified as prospects. A risky prospect maps different 
states of the world into outcomes upon which decision-makers have to make choices. 
If all outcomes of a prospect are positive, it is called a strictly positive prospect. 
Similarly, strictly negative prospects have all negative outcomes. Prospects with both 
positive and negative outcomes are called mixed prospects.  
 
According to PT, the decision process involves two sequential phases: editing and 
evaluation. In the editing phase, decision-makers are assumed to edit risky prospects 
by making them simpler and easier to understand. A number of heuristical operations 
are presumed to be involved here: 
 
x Coding. Decision-makers code (perceive) outcomes of the prospects either as 
gains or losses with respect to some reference point. 
x Combination. Decision-makers simplify the prospects by combining common 
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(identical) outcomes. 
x Segregation. Decision-makers separate the risky components of outcomes 
from risk-less components. 
x Cancellation. Decision-makers eliminate the shared outcomes of prospects by 
cancelling them out against each other. 
x Rounding. Decision-makers simplify the prospects by rounding off uneven 
numbers (e.g., probability of 49% into 50%) and discarding unlikely 
outcomes. 
x Detecting the dominance. Decision-makers reject strictly dominated 
outcomes without further evaluation. 
 
There is no strict order identified for these editing operations. It may depend on the 
nature of the risky prospect in question. In the evaluation phase, decision-makers 
assess the edited prospects and make their selections according to loss aversion 
criteria.  
                                         
2.2.1.2 Decision Criteria for Making Choices among Alternative Selections 
 
EUT and PT have specific decision criteria, known as EU maximization and loss 
aversion, respectively. EUT states the criteria for selection among different outcomes 
of risky choice subject to the condition that an individual’s preference ordering 
satisfies the five axioms of choice 7. Different outcomes of a risky choice have 
different probabilities for occurrence. Expected utility (EU) is the utility ‘on average’ 
weighted with the probability of the occurrence of each outcome. The axioms ensure 
                                                             
7 The fives axioms are completeness, transitivity, continuity, monotonicity and independence. They 
describe the conditions imposed on the structure of rational preferences (Mas-Colell et al.2005) 
47 
 
the existence of a utility index so that the ordering of lotteries by their expected 
utilities is fully compatible with the decision-maker’s actual preferences 
(Schoemaker 1982). As a result, the term ‘utility’ in EUT is significantly different 
from the ordinal utility function of standard consumption theory. While the ordinal 
utility function could be subjected to any monotonic transformation, the EUT utility 
function is cardinal and could be subjected only to transformations, which change the 
origin and scale of the vertical axis without affecting the ‘shape’ of the function 
(Machina 1987). The former utility determines the preferences, while the latter utility 
represents the preferences (Schoemaker 1982) and is often referred to as the Von 
Neumann-Morgenstern (VNM) utility function.  
 
The decision-makers maximise the EU gained from a risky choice according to the 
EU function stated as: 
 
Max EU (X) = P1.U (Xl) + ………… + Pn.U (Xn) (2.5) 
 
Applying the expectations operator: 
 
                                                                                       (2.6) 
 
Therefore, choices do not depend on the preferences over different outcomes alone 
but also on probabilities of getting that utility.  
 
However, the EU of an individual also depends on initial wealth (y). Therefore, the 
true form of the EU function can be given as: 
).U(XpEU(X)Max i
n
1i
i¦
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This implies that utility is dependent on the contribution to total wealth by the 
objective value of the outcomes. In other words, preferences in EUT are reference 
dependent.  
 
In PT, decision-makers are assumed to choose among different prospects according 
to a criterion, which is known as loss aversion. Selection of prospects takes place at 
the evaluation phase after editing. Evaluation of prospects involves a value function 
and decision-weight function. A value function is a psychological replacement of the 
utility function and is involved in a subjective transformation of objective outcomes. 
It assigns a value on each outcome; coded as either gains or losses with respect to a 
certain reference point. This is a key difference between PT and EUT. Unlike the 
VNM utility function, the value function introduces a different type of relative 
comparison into the evaluation of risky prospects by assigning values to losses and 
gains in an asymmetric manner. As a result, unlike EUT, preference will depend on 
how a choice problem is framed. The reference point represents the status quo of the 
decision-maker and is movable. Outcome, whether it is a gain or loss, is dependent 
on the reference point on which it is defined. Depending on how the choice is framed 
(loss or gain), the applicability of the value function also differs. A hypothetical 
representation of a value function is given in Figure 2.3. 
 
   XyU.pXyEUMax n
1i
i   ¦
 
   (2.7) 
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Figure 2.3: Hypothetical Representation of a Value Function (Source: 
Kahneman and Tversky 1979) 
 
 
The value function is an S-shaped function that turns around the origin. This shape is 
a result of the diminishing marginal sensitivity principle applied for individual 
valuation of outcomes. The most commonly used functional form to describe the 
value function is the power function. 
 
 
 
 
The value function behaves as a convex function over losses and as a concave 
function over gains. This implies that individuals are risk averse towards gains and 
risk seeking on losses. In other words, they are less willing to gamble with profits 
than losses. This behavioural pattern is known as loss aversion.  
 
         Xα  X ≥ 0 
       - λ (-X)α           X < 0 
V(X) = 
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Another important characteristic of the value function is that the slope of the function 
is steeper on losses than gain. This implies that losses hurt more than gains satisfy. A 
loss and gain of the same magnitude leave people worse off. This feature has been 
used to measure the individual differences in loss aversion: 
 
 
 
 
It has been estimated that the value of λ usually lies in the 2.0–2.5 range (Fox and 
Poldrack 2009). 
 
The evaluation of prospects takes place according to the evaluation formula, which is 
the basic equation of the model. The formula is derived from combining the value 
function and decision-weight function. The basic form of the formula is: 
 
                                                                                                        (2.8) 
 
Applying the summation operator:  
 
                                                                                    (2.9) 
 
Xi  = ith outcome 
Pi  = Probability of ith outcome 
v(z)  = Value function (concave if z > 0 and convex if z< 0) 
r  = Reference point 
w(p) = Probability weighting function  
         rX.vpw...rX.vpwXV nn11   
     rX.vpwXV iin
1i
¦
 
 
functiongaintheofslope
functionlosstheofslopeλ  
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This can take two forms depending on the type of prospect. For mixed prospects:  
 
                                                                            (2.10) 
 
For strictly positive or negative prospects: 
 
                                                                                                     (2.11)             
 
2.2.1.3 Probabilistic Expectations/Judgements of Decision-Makers 
 
When making risky choices, decision-makers need to make probabilistic judgements 
of the outcomes of their choices. The probability of outcomes is dependent on 
different states of the world that give rise to variable outcomes.  Early formulations 
of EU treated risk and uncertainty as fully objective phenomena. It implied that all 
individuals perceive objective probabilities veridically and identically without any 
cross-individual differences (Hansen et al. 2004; Norris and Kramer 1996). Observed 
variation of individual choices, therefore, is a result of differences in the risk 
attitudes of decision-makers towards identically perceived objective risks. In practice, 
objective probabilities present many empirical challenges and calls for long-run 
frequencies (Norris and Kramer 1996). Calculating ‘objective’ probabilities with 
reasonable accuracy requires a long series of trials under identified conditions and is 
therefore unrealistic and impractical in most circumstances (e.g., events that occur 
only once or have never occurred) (Norris and Kramer 1996). As a result, in real-
world conditions, making reliable estimates of probabilities or interpreting them 
whenever available are not easy tasks (Fishchoff and Bruin 1999).   
         221122,1,1 XvpwXvpwpXp,XV   
         > @211222,1,1, XvXvpwXvpXpXV   
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Subjective probabilities emerged as an alternative.  Subjective probabilities have 
gained acceptance on the grounds that when decision-makers are unable to find 
objective probabilities, they have to act on partial information and tend to form 
subjective expectations about unknown quantities to maximise EU (Manski 2004). 
The subjective expected utility (SEU) proposed by Savage (1954) opened the way 
for new applications of the theory. SEU versions of the model have expanded the 
capacity for explaining individual variations in risky choice. Subjective probabilities 
reflect decision-makers’ beliefs and perceptions about the relative likelihood of 
different states of the world. They are intuitive judgements and therefore products of 
the mind (Bar-Hilell 2001). Hence, subjective probabilities assigned over a given 
outcome may vary among individuals as well as for the same individual with new 
information. The perceived theoretical and empirical advantages of subjective 
probabilities motivated researchers to come up with a number of variants of EUT 
(Camerer and Kunreuther 1989; Schoemaker 1982). Different methods have been 
used to estimate subjective probabilities depending on the sources of risk, data 
availability, purpose of the study and so on. They include both experimental and 
survey methods (De Mel et al. 2008; Manski 2004; Nelson and Bessler 1989; Norris 
and Kramer 1996).  
 
A vital feature that distinguishes PT from EUT is the decision-weight function, 
which transforms the objective probabilities of outcomes into a subjective index. 
This is not the same as the subjective probabilities used in the subjective expected 
utility (SEU) approach.8 The decision-weight function (π) is an increasing function 
of probability with limits π (0) = 0 and π (1) = 1. It assigns a weight for the 
                                                             
8 A detailed account of probabilistic judgement is given in section 2.2.3. 
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probability of an outcome. A hypothetical representation of the decision-weight 
function is given in Figure 2.4.  
 
 
Figure 2.4: Hypothetical Representation of Decision-Weight Function (Source: 
Kahneman and Tversky 1979) 
 
 
People are assumed to weight probabilities non-linearly, and the implications of an 
inverted S-shaped function have been widely examined. An inverted S-shaped 
function has the following properties: 
 
π (P) > P: at smaller probabilities (overweight) 
π (P) < P: at medium and large probabilities (underweight) 
 
The overweighing of small probabilities is a behavioural pattern observed in many 
experimental studies. It implies that individuals usually believe that their chances of 
winning a lottery are greater than they are in reality. In a subsequent development of 
the theory, Tversky and Kahneman (1992) introduced the cumulative weighting of 
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probabilities to satisfy the stochastic dominance. This revised version came to be 
known as cumulative prospect theory (CPT). CPT has also introduced two different 
continuous inverted S-shaped decisions weight functions for losses and gains. 
 
2.2.1.4 Theoretical Devices for Explaining Individual Variations of Choice 
 
The main aims of any behavioural theory are explaining the variation of individual 
(or group) behaviour across individuals (groups) and/or over time.  Therefore, the 
validity of EUT and PT as analytical tools depends on their capacity to explain 
variations in individual behaviour under risk and uncertainty. According to the 
original formulation of EUT, individual responses to risky choices could vary only 
due to two factors: individual risk preferences and wealth. The impact of initial 
wealth was determined by the reference-dependent nature of choice, which has a 
behavioural implication that applies across individuals with different income levels. 
Accordingly, subject to the principle of diminishing marginal utility, a difference in 
behaviour would be expected between rich and poor people when faced with the 
same risky choice. For instance, the utility gained by $100 is not the same for a rich 
man and a pauper.  
 
The variations of behaviour due to individual risk preferences (risk attitudes) are 
more profound in EUT. Technically, risk attitude is determined by the shape or 
curvature of the VNM utility function, which in turn is dependent on the functional 
form. The three broad categories of risk preferences are risk-averse, risk-seeking 
(risk-loving) and risk-neutral individuals: 
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Risk aversion. A person is said to be risk averse if the utility she derived from 
the expected value of a lottery is higher than her EU from the same lottery. A 
concave utility function is representative of risk-averse behaviour.  
Risk seeking. A person is a risk seeker if the utility she derived from the 
expected value of a lottery is lower than her EU from the same lottery. Risk-
seeking behaviour is characterised by a convex utility function. 
Risk neutral. If a person’s utility from the expected value of a lottery is equal 
to her EU from the same lottery, she is a risk-neutral person. Risk-neutral 
behaviour is usually associated with a linear utility function. 
 
Given the importance of risk attitudes for explaining the variation in individual 
behaviour, their theoretical and empirical aspects have been examined in detail. Pratt 
(1964) and Arrow (1965) proposed two indices of risk aversion—the Arrow-Pratt 
coefficients of Absolute Risk Aversion (ARA) and Relative Risk Aversion (RRA)—
which gained wide recognition.  
 
Compared with EUT, PT has a number of parameters that help to explain individual 
variation in choice decisions, including: 
 
Reference points. Reference points are individually determined. Depending 
on the selection of reference points, different individuals can code the same 
prospect in a different manner. Choice decisions vary accordingly. 
Risk attitudes represented by value functions. Value functions, depending on 
the shape and curvature in each segment (i.e., for losses and gains) represent 
the risk attitudes of individuals. Accordingly, a wide variation in choice can 
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be expected among individuals. 
Loss aversion coefficient (λ). λ is a coefficient determined by the slope of 
gain and loss segments of the value function, which is unique to an 
individual, thereby leading to variable choice responses among individuals. 
Decision weights. Decision-weight functions represent the subjective 
transformation of probabilities. Depending on the characteristics of this 
function in individuals, variation in choice behaviour can be expected. 
 
2.2.2 Insights from Risky Choice Theories on Farmers’ Adaptation Decisions: 
An Assessment  
 
Insights from the review of core structural elements of choice theories offer to shed 
some light on farmers’ adaptation decisions. Adaptation decisions are risky choices 
that require a decision criterion for selection among alternative adjustments.  
Decision criteria used in both EUT and PT suggest that decision-makers’ choices are 
determined by optimization of a certain objective function—VNM utility function in 
EUT and value function in PT.  Utility/value is derived from outcomes of alternative 
choices and likelihoods of those outcomes are dependent on random events.  Hence, 
when making choices, decision-makers have to consider prospective levels of 
utility/value of outcomes and probabilities of those outcomes.  Despite certain 
differences in structural features of the two models, decision criteria of both theories 
emphasises that decision-makers are concerned not only with outcomes but also with 
the likelihood of those outcomes.  
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The core idea that both utility/value and probability of outcomes jointly determine 
choice decisions provides a useful insight to examine farmers’ adaptation choices. 
Under continuous risk of rainfall fluctuations, farmers have to make regular choices 
on alternative adjustments and in doing so they have to make probabilistic 
judgements of the outcomes of their choices. These outcomes are determined by 
variable events of rainfall, which represent different states of the world. At any given 
point of time, farmers face a choice among alternative adjustments that could lead to 
different outcomes due to many probable rainfall events. Farmers have to make 
probabilistic expectations regarding the likelihood of rainfall events to judge the 
outcomes of their choices. Poor judgement of outcomes and their probabilities could 
lead to failures of adaptation, incurring losses or missing opportunities (Hansen et al. 
2004). Hence, farmers’ probabilistic expectations of rainfall can be expected to play 
a major role in adaptation choices.   
 
As far as farmers’ probabilistic expectations of rainfall are concerned, in reality they 
are likely to be represented by subjective expectations rather than identically 
perceived objective probabilities.  Subjective expectations are intuitive judgements 
of individual decision-makers (Bar-Hilell 2001). Therefore, they offer the flexibility 
of incorporating farmers’ beliefs in probabilistic judgement of rainfall events.   
 
When it comes to individual variations in adaptation choices, risk attitudes and other 
subjective parameters suggested by PT provide a set of valid theoretical reasons to 
explain individual variations in adaptation choices.  It is logical to assert that when 
making adaptation decisions, farmers are influenced by their risk attitudes and other 
subjective parameters that give rise to individual variations in adaptation choices.  In 
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summary, at a broad conceptual level, it appears that key structural elements of 
formal choice theories provide useful insights to structure the risky decisions of 
adaptation choices.  However, a close look at the conceptual issues and practical 
conditions associated with farmers’ actual decisions of adaptation help to identify 
some critical outstanding issues.   
 
Before examining critical outstanding issues concerning formal choice theories, it is 
useful to have a brief look at how economists have attempted to model risks faced by 
farmers. There are two notable approaches involved here―stochastic production 
function approach and state-contingent technology approach.  Stochastic production 
function approach was pioneered by Sandmo (1971) based on EUT whereas 
Chambers and Quiggin (2000) advanced the idea of state-contingent approach as an 
extension to earlier contributions by Arrow and Debreu.  A common characteristic of 
both is they attempt to structure agricultural risk as a problem of production 
technology (Quiggin and Chambers 2006; Sandmo 1971; Rasmussen 2003).  
Therefore, solutions to agricultural risks have to be found through input allocation 
decisions based on decision criteria involving optimization.  Accordingly, stochastic 
production approach models agricultural risks as a form of production function that 
maps a vector of controllable inputs into a scalar output subject to a stochastic 
random shock (a scalar input).  It has been the most widely used approach to analyse 
various agricultural risks, especially the price risk.  
  
In contrast, state-contingent approach models agricultural risks as a non-stochastic 
production technology under given set of possible states of nature (world).  Outcome 
of this technology is a multiple set of state contingent outputs produced ex-post with 
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a vector of inputs that is chosen and committed ex-ante. Farmers may consider 
several states when making their ex-ante technological decisions but only one state is 
realized at the end.  States are uncontrollable but not completely unpredictable.  
Decision-makers can make rational assessments about states of nature and offer 
state-contingent responses.  Non-stochastic technology can generate multiple 
outcomes―a set of responses equal to the product of number of states and number of 
outputs.   Quiggin and Chambers (2006) suggest that state-contingent approach is a 
more general model and stochastic production function can be considered as a 
special case of state-contingent technology.   
 
Despite some logically appealing features, empirical applications of state-contingent 
approach proved to be challenging. One difficulty is data set requirements with large 
number of (state-contingent) observations (Rasmussen and Karntininis 2005). Here 
the challenge is most of the data (observations) required for empirical applications 
are unavailable―lost in the unrealized states of nature. Quiggin and Chambers 
(2006) suggested that number of states considered in analysis should be small―two 
or three would be optimal. While farmers’ adaptation choices can be looked upon as 
state-contingent responses under certain circumstances, in this study, a more general 
framework of risky choice is preferred over an approach focussed on production 
technology.   Some of the reasons that justify this decision can be identified in the 
forthcoming section on outstanding issues.   
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2.2.3 Risky Choice Theories and Adaptation Decisions: Some Outstanding 
Issues 
 
Despite the broad connection between key structural features of formal theories and 
farmers’ adaptation decisions, there are some outstanding issues that cannot be 
addressed through formal choice theories. They include both conceptual and 
empirical issues. These issues introduce difficulties in straightforward applications of 
formal choice theories in farmers’ adaptation decisions.  Among others, the 
following aspects seem to be more important.  
   
x Nature of climate risks (rainfall variability/change) and farmers’ 
perceptions of them 
x Time frame of climate stimuli   
x Joint adaptations 
x Individual variations in adaptation choices 
x Climate surprises 
 
 2.2.3.1 Nature of Climate Risks and Farmers’ Perceptions of Them 
 
Farmers make climate adaptation decisions against climatic variability and/or climate 
change. The climate system has inherent ‘variability’, which is caused by natural 
internal processes (Hare 1991; IPCC 2001; Smithers and Smit 1997). In practice, 
climatic variability refers to the continuous fluctuation of climatic parameters in a 
given local area over time. However, some form of seasonality can be observed in 
the climate of any locality that refers to the cyclical fluctuation of climatic 
61 
 
parameters over a specified period of time, usually a year. Due to the cyclic 
fluctuations that take place on an annual basis, two broad forms of climatic 
variability can be identified: intra-annual and inter-annual variability (Mertz et al. 
2009).  Inter-annual variability is a less understood area than seasonal variability 
(Hare 1992; Smithers and Smit 1997). This refers to variation observed in climatic 
parameters across years during corresponding seasons.  
 
Climate change can be described as shifts in the mean state of experienced patterns 
of variability that can persist for extended periods of time (Smit et al. 2000). This can 
be further elaborated by considering a hypothetical time series of climatic attribute 
(variable) X over a period during which it is subjected to anthropogenic factors of 
climate change (Figure 2.5). The pre-climate change mean of X at the initial period 
of time series is Xpc. The post-climate change mean of the X at the end of the time 
series is Xcc. The shift or change in the climate is given by:  
 
Shift (climate change) = Xcc - Xpc  
 
The trend line marks the path of the shift. As indicated in the figure, a shift in the 
mean also alters the range of variability of the X. This leads to changes in critical 
thresholds that could be problematic from the point of view of human tolerance. 
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Figure 2.5: Shift in the Mean State of Climate (Source: Smit Et Al. 2000, Based 
on Hewitt and Burton 1971) 
 
Researchers have pointed out that farmers’ adaptation decisions are dependent on 
their ability to perceive climatic (rainfall) variability and change (Mertz et al 2009; 
Osbahr et al. 2011; Rao et al 2011; Slegers 2008; West et al. 2008). It is logical to 
expect that perception of rainfall variability/change is closely connected to farmers’ 
probabilistic expectations of rainfall.  
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Despite theoretical feasibility of farmers making subjective expectations about 
rainfall, certain conceptual and practical issues relating to judgement of probabilities 
arise here. Climatic variability and change has deterministic and stochastic (random) 
components. The deterministic component is the variability that can be explained by 
cyclical, seasonal and other recognised patterns of variation, thereby allowing the 
prediction of climatic events with a margin of error. Nevertheless, imperfect 
knowledge and the inherently non-linear nature of the climate system rule out the 
possibility of estimating probabilities and predicting climate events with complete 
precision (IPCC 2001). This gives rise to the stochastic component of climatic 
variability, which is responsible for the error in predictions.  
 
Climate change due to anthropogenic causes adds to the existing randomness of 
natural variability, thereby increasing the share of the stochastic component of 
variability. As a result, uncertainty associated with adaptation choices becomes more 
complex with climate change. Imperfect knowledge about even the known 
mechanisms of variability to experts makes it harder for non-expert decision-makers 
(e.g., farmers) to differentiate between the deterministic and stochastic components 
of risk.  
 
In effect, decisions under climatic uncertainty can be considered to represent a ‘state 
of ambiguity’ rather than a true risk (Sherrick et al. 2000; Yates and Zirkowski 1976). 
Risk is a situation where decision-makers know the relative chance of each possible 
outcome. In contrast, ambiguity is a situation where decision-makers have some 
basis for judging the relative likelihood of outcomes, but it is not complete. Scholars 
have also defined another situation known as ‘ignorance’, where decision-makers 
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have no basis whatsoever on which to judge the relative likelihood of potential 
outcomes of a decision (Sherrick et al. 2000; Yates and Zirkowski 1976). Hence, 
ambiguity is a situation that lies in between a true risk and ignorance. Making 
probabilistic expectations about rainfall under conditions of ambiguity is an 
outstanding issue that cannot be addressed through formal theories of risky choice.  
 
2.2.3.2 Time Fame of Climate Stimuli and Type of Adaptations 
 
Adaptation is a dynamic adjustment process that takes place in response to changing 
circumstances of climate conditions.  Hence, the temporal dimension of adaptation is 
a crucial factor (Risbey et al. 1999; Stakhiv 1993; Smit et al. 1996 and 1999; 
Smithers and Smit 1997; Smit and Skinner 2002). One important aspect of the 
temporal dimension is the timeframe of climate stimuli.  Smit at al. (1999) identified 
three broad categories: (a) long-term changes in means and norms, (b) inter-annual or 
decadal variability and, (c) isolated extreme events or catastrophic weather 
conditions. Adaptation responses vary according to the timeframe of stimuli (Smit et 
al. 1999) that represent an important aspect in farmers’ adaptation decisions.  
Smithers and Smit (1997) have pointed out that decision-makers’ responses to 
different types of climate stimuli can be conditioned by three temporal properties of 
climatic events, namely; frequency, duration and suddenness.  Suddenness refers to 
speed of onset of climatic events.  Formal theories do not offer a reliable way to 
incorporate the timeframe of climate stimuli in farmers’ risky decisions of adaptation 
choices.  
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2.2.3.3 Joint Adaptations 
 
Adaptation decisions could be either private or joint. Private adaptation is a response 
by an individual or a firm for their own benefit (Mendelsohn 2000), so the decision-
maker is the only beneficiary. Joint adaptation involves many beneficiaries, but it 
does not include choice by several individuals to respond to a climate stimulus in the 
same way or an aggregation of private adaptation by a group of individuals 
(Mendelsohn 2000). Formal theories do not provide necessary guidance to structure 
joint adaptation decisions.   
 
2.2.3.4 Individual Variation in Adaptation Choice 
 
Formal theories have identified individual risk attitudes and other subjective 
parameters as the determinants of variation in choice among decision-makers.  Of 
them, risk attitudes of farmers have widely been studied. Numerous studies have 
been carried out to estimate the risk preferences of farmers and they suggest that 
individual variations in risk attitudes among farmers could be rather low (Antle 
1987; Binswanger 1980; 1981; Isik and Khanna 2003; Moscardi and Janvry 1977; 
Pannell et al. 2000). Many studies indicate that usually farmers display behavioural 
characteristics of moderate risk aversion. Few individuals seem to display risk-
neutrality or risk-taking behaviour.  
 
Moreover, recent studies have indicated that contrary to theoretical expectations 
about stable risk preferences; risk attitudes of individuals seem to vary with their 
domain of choice, experience and age (Weber and Johnson 2009; Weber, 2006). In 
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many choice situations people do not have firmly established preferences but 
construct them when they need to make a decision (Payne et al. 1993; Slovic 1995; 
Weber 2006).  Overall, dominantly risk aversion behaviour reported in empirical 
studies and recent findings of behavioural research on unstable risk preferences 
indicate that despite the theoretical validity, risk attitudes alone may not be sufficient 
to explain individual variation in adaptation choices.  
   
2.2.3.5 Climate Surprises 
 
The basic argument that farmers’ adaptation decisions are based on farmers’ 
probabilistic rainfall expectations gives rise to another important question: what 
happens if farmers’ rainfall expectations fail? Repeatedly, unanticipated rainfall 
events have taken farmers by surprise and led to hazardous consequences. They can 
be called climate surprises. Depending on their scale, they can bring about livelihood 
shocks.  
 
Climate surprises or rainfall shocks are important phenomena in climate adaptation. 
Suddenness—speed of onset of climatic events (Smithers and Smit 1999)—can be 
identified as an important attribute of climate surprises. They can occur due to 
extreme or erratic fluctuations of rainfall. Some examples are sudden catastrophic 
storms, flash floods and random events of rainfall that result in unexpected rains at 
unusual times. Usually, such events are extremely important, as they have the 
potential to cause significant damage to human health and property (Streets and 
Glantz 2000). In spite of their importance in farmers’ adaptation decisions, 
conventional theories of risky choices do not offer sufficient guidance to explain 
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farmers’ responses against surprises.  Therefore, climate surprises are  an outstanding 
issue of adaptation that cannot be addressed through formal theories of risky choices.  
 
2.3 Insights from Recent Behavioural Research and Climate 
Adaptation Literature  
 
In addition to major theories of risky choices, recent advances in behavioural 
decision theory have contributed significantly to improving the understanding of 
risky choice behaviour.  They include research areas such as probabilistic judgement 
of decision-makers (Nisbett et al. 1983), heuristics and biases (Tversky and 
Kahneman 1974) and decisions by experience (Hau et al. 2010; Hertwig et al. 2004; 
Rackow and Newell 2010). Findings of some studies are directly relating to the 
outstanding issues in the previous section and they extend the scope and 
understanding on the subject through numerous experimental studies.  In addition, 
several multi-disciplinary research areas with common interest on farmers’ climate 
adaptation have produced empirical evidence that offer useful insights.  These areas 
include: seasonal climatic forecasts (Luseno et al. 2003; Lybbert et al. 2007; Nicholls 
1999; Roncoli 2006), farmers’ perception of climatic variability and change (Hansen 
et al. 2004; Mertz et al. 2009; Osbahr et al. 2011; Rao et al. 2011; Slegers 2008; 
Weber 1997; 2006); adaptive farm technologies for arid and semi-arid regions 
(Gadgil and Rao 2000; Jarvis et al. 2011) and; local knowledge and beliefs on 
climate (Orlove et al. 2009; Roncoli et al. 2002; Tucker 2007).  Concepts and 
emprical findings from behvioural research and multidisciplinary research on climate 
adaptation are helpful in illuminating on certain conceptual gaps and outstanding 
issues identified above.   
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2.3.1 Shared Beliefs, Rainfall Expectations and Perceptions 
 
Making probabilistic expectations about rainfall is a challenging task. Researchers 
have offered diverse views on this matter. According to one view, experience from 
repeated choice helps farmers to make probabilistic expectations on climate (rainfall) 
events (Hansen et al. 2004; Marx et al. 2007; Weber 1997). Recent research on 
behavioural economics and decision theory has identified decisions by experience as 
a major decision context faced by decision-makers in the real world (Hau et al. 2010; 
Hertwig et al. 2004; Rackow and Newell 2010).  
 
2.3.1.1 Experience and Rainfall Expectations  
 
Usually, experimental studies on human choice behaviour involve decisions by 
description where participants make decisions based on information provided by a 
description of a choice problem in numerical and graphical forms. (Hertwig et al. 
2004). People sometimes also face such decisions in the real world. Some examples 
are information provided by guides such as medical or insurance brochures (base 
rates) and climate forecasts (Hertwig et al. 2004). However, in everyday decisions, 
such occasions are few in number and a variety of decisions are taken on the basis of 
personal experience (decision by experience) (Hau et al. 2010; Rackow and Newell 
2010). When people make decisions by experience, outcome distributions are 
initially unknown and decision-makers have to acquire knowledge on outcomes and 
their likelihood from personal experience (Rackow and Newell 2010). Hau et al. 
(2010) suggest that decisions by description represent a situation similar to choices 
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with prior probabilities, whereas decisions by experience are akin to risks with 
statistical probabilities. 
 
Decisions by experience rely on repeated personal experience as inputs. Experience 
consists of observations of events and outcomes of choices. There are two types of 
experience, personal and vicarious (Marx et al. 2007). Personal experience has a 
learning impact on subsequent memory and behaviour. Vicarious experience is the 
experience acquired through knowing and understanding of other people’s 
experience. Therefore, it is indirect and second hand. Vicarious experience extends 
the range of personal experience (Marx et al. 2007). 
 
Experience acquired through these sources provides a pool of observations (a 
subjective population) to draw ‘mental samples’ for internal processing (Hau et al. 
2010; Hertwig et al. 2004; Rackow and Newell 2010). Mental samples are the 
cognitive counterparts of random samples used by statisticians to estimate 
probability, and they are brought to mind either by active search or spontaneity. 
Experience acquired over a long period of time (e.g., by farmers) or a high number of 
case-by-case experiences (e.g., by medical practitioners) provides the basis for a 
large sample with observations spanning a wide range of outcomes. Like samples of 
observations gathered by analysts, mental samples also provide the basis for 
estimating probabilities. 
 
As far as adaptation choices are concerned, mental samples drawn over an 
accumulated pool of experience provide the basis to make subjective expectations on 
rainfall. Farmers gather personal experience from observation of rainfall events over 
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time and the outcomes of their repeated decisions made under those events. An 
outline of adaptation behaviour is depicted in Figure 2.6. 
 
 
 
 
 
 
 
Figure 2.6: Outline of Adaptation Decisions—Decisions by Experience 
 
Despite the logical plausibility of making rainfall expectations based on farmers’ 
experience, the cognitive limitations associated with human decision-makers and the 
ambiguous nature of rainfall uncertainty impose certain restrictions. When 
experienced as a temporal series of observations, farmers’ ability to make 
probabilistic expectations on rainfall depends heavily on longitudinal memory. Such 
memory intensive tasks are susceptible to cognitive limitations and researchers have 
explained why farmers would find it difficult to make reliable expectations on 
rainfall based on their personal experience alone. 
 
Limited sample size: Hau et al. (2010) suggest that mental samples with a 
limited number of observations (experience) lead to higher sampling errors. 
As the range of events (outcomes) that can be represented in a small sample 
is limited, rare events are more likely to be under sampled. Therefore, 
sampling errors caused by a small sample can lead to neglect of rare events.  
Memory limits: According to Hau et al. (2010), memory limits could also lead 
to the same situation. Information that can be held in the short-term working 
memory is strictly limited, and individual memory limits determine how 
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much experience is fed into the sample considered for a choice decision 
(Lejarraga 2010). Hence, regardless of the level of experience, the number of 
observations processed depends on individual memory limits. If a person is 
able to hold only a small subset of experienced events, it results in a situation 
somewhat similar to a small sample (low level of experience). 
Recency bias: Hertwig et al. (2004) suggest that observations people hold in 
memory are biased towards recent experience, a condition known as the 
‘recency effect’ (or sometimes the ‘recency heuristic’). This explains both the 
neglect of rare events and the overweighing of recent events. Unless low-
probability (rare) events are present in recent experience, decision-makers 
tend to neglect them (Weber 2006). Conversely, when rare events have been 
experienced recently, people tend to overestimate them. 
Involvement of affect: Further, research also suggests that probabilistic 
judgements associated with decisions by experience are closely associated 
with ‘affective faculties’ of the mind in addition to ‘cognitive faculties’. 
‘Affect’ refers to feelings generated by stimuli, which are subsequently 
associated with the memory of relevant experience as labels (Marx et al. 
2007; Slovic et al. 2004; 2005; Weber 2006). Experiences that evoke strong 
feelings (affect) are more memorable and therefore get prominence. Hence, 
decision-makers may tend to overestimate the probabilities attached to such 
events. 
 
Because of such cognitive limitations, farmers’ capacity to make rainfall 
expectations based on their own personal experience alone appears to be poor. 
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In addition, the ambiguity associated with rainfall variability further reduces the 
usefulness of personal experience as a reliable guide for making rainfall expectations. 
As discussed in section 2.2.3.1, rainfall variability has deterministic and stochastic 
components of variability. The deterministic component is characterised by the 
seasonality associated with rainfall variability. As seasonality introduces some 
predictability, it provides a basis for farmers to make expectations of rainfall in a 
given local area in a given period of the year based on their experience. 
 
However, the stochastic component of rainfall variability gives rise to rainfall 
fluctuations in the annual cycle and over the years in corresponding seasons. Due to 
stochastic fluctuations, rainfall expectations based on the experience of seasonality 
become less reliable and must be updated continuously. Therefore, besides farmers’ 
cognitive limitations, the ambiguity associated with rainfall variability further 
restricts the reliability of personal experience as the sole guide for adaptation choices. 
 
2.3.1.2 Rainfall Expectations and Shared Beliefs of Farmers 
  
The limitations of personal experience as a guide for farmers’ rainfall expectations 
leave a significant gap in understanding their adaptation choices. However, 
numerous empirical studies on climate adaptation provide useful insights in this 
regard. Evidence from the following four areas of interest are particularly important: 
 
x Multi-disciplinary assessments on farmers’ use of seasonal climatic forecasts 
in vulnerable regions (Giné et al. 2009; Luseno et al. 2003; Lybbert et al. 
2007; Nicholls 1999; Roncoli 2006; Sherrick et al. 2000; Ziervogel 2004) 
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x Multi-disciplinary studies on farmers’ perception of climatic variability and 
change (Hansen et al. 2004; Mertz et al. 2009; Meze-Hausken 2004; Osbahr 
et al. 2011; Patt and Schrotter 2008; Rao et al. 2011; Slegers 2008; Thomas et 
al.; Weber 1997; 2007; West et al. 2008) 
x Agro-climatological assessments on adaptive farm technologies for arid and 
semi-arid regions (Gadgil and Rao 2000; Jarvis et al. 2011) 
x Social and cultural anthropological studies on local knowledge and 
perceptions on climatic variability and change (Sanchez-Cortes and Chavero 
2011; Materer et al. 2002; Orlove et al. 2009; Roncoli et al. 2002; Tucker 
2007; Tucker et al. 2008) 
 
Despite the involvement of different research agendas/objectives and conceptual 
frameworks, these areas of interest confront the problem of farmers’ rainfall 
expectations as a common research issue. As a result, they have produced a 
substantial body of empirical evidence, which is broadly corroborating in a number 
of ways regardless of the different interpretations attached to them. 
 
Although no widely accepted theory on farmers’ rainfall expectations or adaptation 
behaviour is available, a tentative theoretical explanation can be drawn by reviewing 
the key ideas and observations emphasised by these researchers together with 
insights from decision theory. Researchers have stressed the involvement of ‘prior 
distributions’ (farmers’ priors) to make probabilistic expectations on rainfall in the 
presence of stochastic fluctuations (Giné et al. 2009; Lybbert et al. 2007; Sherrick et 
al. 2000; Weber 1997). Prior distributions are supposed to serve as templates for 
continuous updating to cover stochastic variations to make reliable rainfall 
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expectations (Lybbert et al. 2007). This view is further strengthened by the 
suggestion of Einhorn and Hogarth (1985) that when faced with a situation of 
ambiguity, decision-makers tend to pursue a strategy that involves the heuristic of 
anchoring and adjustment. They start from an initial probability that is used as the 
anchor (starting point) from which adjustments are made for ambiguity. Net 
adjustments are made from the evaluation of probabilities, which can be higher 
and/or lower than the anchor. Tucker (2007) has made a relevant parallel observation 
on farmers’ capacity to perceive correlations between rainfall and food supply, which 
appeared to be enhanced significantly when a prior belief about correlation exists. 
 
This idea leaves two issues to be explained: What could serve as a ‘prior’ and how 
can it be updated continuously? There is substantial evidence that farmers are guided 
by a ‘shared set of beliefs’ about rainfall distribution that serve as priors for their 
rainfall expectations (Sanchez-Cortes and Chavero 2011; Orlove et al. 2009; Osbahr 
et al. 2011; Slegers 2008). They share a strong sense of the characteristics of a season 
and are familiar with attributes such as the typical timing and duration of a season 
(onset and end of rainfall), as well as dry spells and their duration (Orlove et al. 
2009; Slegers 2008). This gives rise to the concept of a ‘normal’ year based on long-
standing familiarity with seasonal rainfall patterns. This can be considered a result of 
farmers’ tendency to pool and transmit their personal observations socially by 
discussing and presenting them to each other, a process that ultimately leads to the 
emergence of an ethno theory (Tucker 2007). An ethno theory represents a shared set 
of beliefs and plays the role of ‘prior distribution’ for making rainfall expectations. 
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An important aspect of shared beliefs is their close relation to local (indigenous) 
knowledge (Orlove et al. 2009; Roncoli et al. 2002; Valdivia 2002). Local 
knowledge refers to place-based knowledge, which is generally associated with long-
settled communities with strong ties to their natural environment (Orlove et al. 2009). 
It is produced, tested and practised in everyday life and may contain information that 
accumulates over generations of experience. Local knowledge is usually 
communicated among members and passed onto successive generations through oral 
communication and repetitive and joint engagement (Ingold 2004; Sillitoe 2006; 
2007). Peppin (1996) suggests that it usually contains two forms of knowledge: 
  
x Causal relationships. Knowledge based on causality relationships, which 
involves understanding of the process and explanations. 
x Belief-based knowledge. Beliefs developed on the observation of correlations 
without understanding the underlying relationship. 
 
Knowledge dealing with farmers’ climate expectations seems to fit into the second 
category of correlation-based beliefs, perhaps with some understanding of causal 
relationships involved in local-level phenomena. 
 
Close association with local knowledge systems help to overcome certain limitations 
inherent to personal experience. Usually, all parts of beliefs are easily accessible and 
shared. The shared nature of the seasonal model allows it to be refined and updated 
through the continuous interaction of farmers, thereby helping to overcome biases 
associated with personal experience. Over time, ethno-theories (beliefs) gain in 
consistency and are continually perfected by individual perception (Tucker 2007). 
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Moreover, beliefs carry the experience of the current as well as past generations 
(Materer 2002). Hence, it expands the range of observations available for individual 
farmers, who otherwise have to depend on limited personal experience. Accordingly, 
shared beliefs cater to fill gaps in experience created due to cognitive limitations of 
decision-makers and the ambiguous nature of rainfall variability. This seems to be a 
reasonable explanation for why socially held prior beliefs are preferable over farmers’ 
personal experience when making rainfall expectations. 
 
The second issue to be resolved is how farmers update their priors (shared beliefs) to 
cover stochastic variations of rainfall. Decision theory offers alternative views to 
empirical studies, including Bayes theorem and heuristically assisted updating.  
 
The updating of farmers’ prior distributions corresponds closely with the probability 
conversion process associated with the Bayes theorem, which involves modification 
of prior probabilities into posterior probabilities. Bayes theorem provides a logical 
rule for converting prior probabilities into posterior probabilities: 
 
ሺܣȁܤሻ ൌ ሺܤȁܣሻሺܣሻܲሺܤሻ  
Where, 
ሺܣȁܤሻ = posterior probability of A 
ሺܤȁܣሻ = conditional probability of B 
ሺܣሻ = prior probability of A 
ሺܤሻ = prior probability of B 
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Accordingly, shared beliefs correspond with ‘prior probabilities’ that would be 
updated to yield farmers’ rainfall expectations, which correspond to ‘posterior 
probabilities’. An important research question that arises here is whether farmers 
follow Bayesian rules in updating. This is a difficult question to answer, as the 
updating of prior beliefs is an unobservable cognitive process (Lybbert et al. 2007).  
 
The behavioural economics school favours the idea that when assessing the 
likelihood of events, decision-makers tend to use a variety of heuristics (mental 
shortcuts) rather than mathematical formulae such as Bayes rule (Marx et al. 2004; 
Tversky and Kahneman 1974). Einhorn and Hogarth (1985) suggested that when 
faced with a situation of ambiguity, decision-makers tend to pursue a strategy that 
involves the heuristic of anchoring and adjustment. In such situations, people base 
their estimates on a certain initial value (anchor) and then keep on adjusting to reach 
the final estimate. Decision-makers start from an initial probability that is used as the 
anchor (starting point), and adjustments are made for ambiguity from this point. Net 
adjustments are made from the evaluation of probabilities, which can be higher 
and/or lower than the anchor. A major bias associated with this heuristic is that final 
estimates seem to be strongly influenced by the initial value (O’Hagen et al. 2009; 
Tversky and Kahneman 1974).  
 
Being a process assisted by heuristics, the updating of rainfall expectations can lead 
to inherent biases. Lybbert et al. (2007) observed that initial beliefs (starting values) 
tend to anchor one’s processing of information, and adjusting away from the initial 
anchor in response to new information could be difficult when new information 
contradicts prior beliefs. In trying to reconcile existing beliefs with new information, 
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people either tend to ignore new information altogether (belief perseverance) or 
misread new information in support of prior beliefs. Such biases become pronounced 
when new information is generally ambiguous and individuals have a vested stake 
(individual preferences to outcomes). These biases directly affect individual capacity 
to forecast an outcome based on new information. Accordingly, preference-
consistent information is taken at face value and preference-inconsistent information 
is processed critically and subjectively. 
 
Alternatively, empirical literature on climate adaptation suggests that farmer’s update 
their beliefs about prior distributions using the clues provided by local signs 
(indicators) that are also a part of shared beliefs (Orlove et al. 2009; Roncoli et al. 
2002; Slegers 2008; Valdivia et al. 2002). Farmers observe local climate indicators in 
their local environment, which they use to update their beliefs. These are either 
passive or active observations on correlations between rainfall and other local 
environmental phenomena or preliminary signs that indicate the arrival of rains 
(monsoons). They provide signals that offer clues about the unfolding season, and 
farmers use this information for making seasonal expectations regarding the 
upcoming rainfall events (Orlove et al. 2009; Roncoli et al. 2002; Slegers 2008; 
Valdivia et al. 2002). Farmers’ knowledge about signs and indicators are usually 
based on the local knowledge systems.  
 
As Tucker (2007) explains, observations on correlations are based on experiences of 
covariation between rainfall and other environmental phenomena (signs). 
Covariation could be positive or negative. Researchers have documented various 
indicators that include observations such as the fruiting/flowering behaviour of 
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certain species of local flora, selected behaviours of local fauna and observations on 
the intensity, direction and timing of local weather parameters (Orlove et al. 2009; 
Roncoli et al. 2002; Slegers 2008;). Indicators may become available for observation 
at different times of the year (Roncoli et al. 2002). There is no scientific proof of 
their accuracy, and sometimes they may be associated with illusory correlations due 
to cognitive biases (Tucker 2007). It seems that farmers are aware of this situation 
and are therefore cautious in using signs to update their expectations. Slegers (2008) 
suggested that farmers take the signs as generally right but not completely to be 
trusted, as they could be wrong indicators or contradict past experience.  
 
2.3.2 Time Horizons of Adaptation Decisions and Joint Adaptations   
  
Sections 2.2.3.2 and 2.2.3.3 identified timeframe of climate stimuli and joint 
adaptations as two outstanding issues that cannot be captured by core decision 
criteria of formal choice theories.  Review of climate adaptation literature offers 
some insights that help further examination of these issues.  
 
2.3.2.1 Time Horizons of Adaptation Choice 
 
Discussion in section 2.2.3.2 emphasised that adaptation decisions have to be made 
against climate stimuli that can arise in different timeframes.  According to Risbey et 
al. (1999) farmers’ responses are dependent on ‘detection of signals’ of climate 
stimuli which apparently refers to perception of climate stimuli occurring in  
different timeframes.  As a result, adaptation decisions have to deal with a complex 
range of choices that involve different time horizons. In the context of agricultural 
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adaptations, Risbey et al. (1999) identified three broad classes of adaptation 
decisions by farmers: long-term structural adaptations, medium-term strategic 
adaptations and short-term tactical adaptations (Table 2.1).  
 
x Tactical adaptations:  Adaptation decisions concerned with short-term 
intervals, involving seasonal or annual changes 
x Strategic adaptations: Decisions that involve time horizons more than one 
year (1-5 years on average)  
x Structural adaptations:  Adaptation decisions that extend over decades or 
more  
 
The classification attempts to match time horizons usually applied to human 
decision-making with timeframes of climate stimuli (events).  Despite the somewhat 
arbitrary nature of the typologies concerned, the classifications provides useful 
insights to structure certain aspects involved in adaptation decisions. The summary 
presented in Table 2.1 identifies possible connections of decisions taken at different 
time horizons with type of decision-makers (individual or institutions―joint) and 
scale of adaptation.  
 
Table 2.1: A summary of decision horizons  
Time horizon of 
decisions 
Timeframe of climate 
stimuli 
Decision-makers Scale of 
operation 
Tactical (short-term) seasonal-annual (<1 yr.) farmers local 
Strategic (medium-term) multiple years (1-5 yrs.) farmers, institutions  local, regional 
Structural (long-term) multiple decades (1-5 yrs.) farmers, institutions regional, national  
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2.3.2.2 Individual Vs. Joint Adaptation  
 
Joint adaptations also are risky choices.  It brings in the dimension of collective 
decision-making into the analysis of adaptation choices.  When making collective 
decsions, farmers have to make collective judgments of outcomes and joint decisions 
of choice among alternative adjustments.  Collective judgment and joint decisions of 
adaptation lead to behavioral interdependence among farmers that introduces an 
extra component of risk―the risk of strategic behaviour―on top of rainfall risk.   
 
Whenever there is interdependence among decision-makers, their actions have to be 
mediated by institutions.   Institutions establish the rules, within which individuals 
have to make decisions and cooperate with others (North, 1994). Institutions shape 
current behaviour as well as the path of adjustments to changing circumstances 
(Bromley, 1991; Ostrom, 1990). Once established, they have a degree of permanence 
and tendency to become stable over time, but never completely static and 
continuously re-negotiated (O’Riordan and Jordan, 1999).   
 
The above discussion on the role of institutions suggests that fulfilling decision 
criteria of risky choices for joint adaptations involves additional conditions that need 
to be facilitated by institutions. Therefore, institutions are prerequisite for joint 
adaptations.  Agrawal (2009) suggests that institutions have three major roles relating 
to climate adaptation. They are: structuring of impacts and vulnerability, mediation 
between individual and collective responses to climate impacts and acting as the 
delivery channel of external resources to facilitate adaptation.  The joint adaptation 
appears to be connected more with the second role of mediating individual and 
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collective responses to climate impacts.  In this capacity, institutions have to fulfil a 
few major functions.  
 
Facilitating collective decisions. Joint adaptation involves risky choices that 
need collective judgment of outcomes and joint decisions on adaptive actions.  
Such decisions need negotiations for securing agreement among farmers. 
Facilitating negotiations and collective decisions is an important role of 
institutions. 
Overcoming the risk of strategic behaviour. Implementing decisions on joint 
adaptation introduces additional risk of strategic behaviour. Institutions 
reduce the risk of strategic behaviour by imposing constraints over individual 
behaviour that can be detrimental to collective action.    
Reducing the transaction cost of behavioural interdependence: Above 
institutional functions leads to transaction costs. One widely acknowledged 
role of institutions is minimizing the cost of transaction between individuals 
(North 1994; Williamson 1998). It includes transactions from the stage of 
making collective judgments and joint decisions to implementation and 
monitoring of adaptive actions.  
 
2.3.3 Individual Variations of Adaptation 
 
Widespread observation of risk-aversion behaviour among farmers suggests that 
limited variation in risk attitudes alone may not be sufficient to explain the observed 
variation in choices (section 2.2.3.3).  Besides, recent experimental studies have 
raised doubts about the existence of stable risk preferences for comparing decisions 
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of different individuals.  A review of recent developments in behavioural research 
and climate adaptation literature suggests other reasons that can lead to individual 
variations in adaptation choices.  They include individual perceptions of risk, 
variation in adaptive capacity/vulnerability of farmers, external interventions and 
other empirical evidence on ‘determinants’ of adaptation.  
   
2.3.3.1 Individual Perceptions of Risk 
 
Recent advances in behavioural economics assign a more important role for decision-
makers’ subjective perceptions of decision situations (Doss et al. 2008).  It takes the 
choice problem into a more fundamental level of whether individuals perceive a 
given situation as a risk or not (Weber and Johnson 2009; Weber 2006).  Individuals 
may perceive the same issue differently in terms of their riskiness.  Risk perceptions 
may have a number of influences such as culture, gender, experience that could lead 
to individual variations in choice (Douglas and Wildavsky 1982; Weber, 2006).  
Members of different cultures perceive and selectively attend the different categories 
of dangers. Each culture selects some risks for attention and chooses to ignore others 
(Douglas and Wildavsky 1982; Weber, 2006; Weber 2006). Similarly, differences in 
prior experience could also affect individual perception of risk. Familiarity with a 
risk (acquired through previous experience) could lead to a decrease in the level of 
riskiness (alarm) perceived (Dake 1991; Weber 2006). Overall, this view suggests 
that decision-makers’ behaviour is influenced by subjective perceptions of risk and 
variations of adaptation responses may be caused more by differences in risk 
perceptions than risk attitudes.   
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2.3.3.2 Adaptive Capacity /Vulnerability of Farmers 
 
In addition to subjective personal parameters such as risk perceptions and risk 
attitudes, adaptation literature suggests that individual variations in behaviour can 
occur due to differential tendencies/abilities/potential of individuals/groups to take 
adaptive responses. This notion has partially been captured by the well-known 
concept of ‘adaptive capacity’.  According to one popular definition, adaptive 
capacity refers to the vector of resources that represent the asset base from which 
adaptation can be made (Adger and Vincent 2005; Vincent 2007). This concept has 
been discussed widely in recent adaptation literature and become popular, especially 
among academics/researchers that approach the subject of adaptation from a 
livelihood perspective. As a broad factor, adaptive capacity provides useful insights 
about a range of variables that could affect individual choices of adaptation.  Among 
the more important are variables relating to farmers’ asset endowments and earnings.  
 
Another broad factor identified in climate adaptation literature that could give rise to 
household variations in adaptation is vulnerability to climate shocks.  In general, it 
refers to a selection of variables that could affect household adaptation in a negative 
manner.  The concept of vulnerability is discussed in more detail in section 2.3.4.3 
under climate surprises.   
 
2.3.3.3 External Interventions  
 
External interventions that could lead to individual variations in adaptation are a 
relatively less explored area.  Among others, interventions by government agencies 
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at national, regional and local level could be important.  A few studies have reported 
empirical evidence on the impacts of interventions by state agencies on farmers 
adaptation choices (Dube and Sekhwela 2007; Hageback et al. 2005; Wehbe et al. 
2006; Ziervogel et al. 2006).  However, no coherent view has emerged from these 
studies on the effect of government interventions on individual adaptation options.   
Conceptually, there are two relevant issues here: interventions could have direct or 
indirect, positive or negative effect on household adaptation choices and they could 
affect households in a selective manner to result in individual variations.  If these two 
conditions are met, such interventions could lead to individual variations in 
adaptation choices.  
 
2.3.3.4 ‘Determinants of Adaptation’: Evidence from Empirical Studies   
 
A number of recent studies that have examined the ‘determinants of adaptation’ 
through empirical methods have reported several variables that could give rise to 
individual variations in adaptation choices. These studies have been based on farm 
surveys conducted in several countries in Africa (Bryan et al. 2009; Deressa et al. 
2009; Di Falco et al.2010; Gbetibouo 2009; Hassan and Nhemachena 2008; 
Maddison 2007; Yesuf et al. 2008). They have reported results of empirical analyses 
carried out on farm survey data using different econometric tools.  Among the factors 
that have been identified to have significant relationships with farmers’ adaptation 
choices were household characteristics (Deressa et al. 2009), access to formal and 
informal institutional support (Deressa et al. 2009; Maddison 2007.), local climatic 
factors and agro-ecology (Di Falco et al.2010; Deressa et al. 2009; Hassan and 
Nhemachena 2008; Maddison 2007), and production inputs and outputs (Di Falco et 
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al.2010).  Household characteristics include the variables such as household size, 
education, farm income and non-farm income.  Access to formal and informal 
institutional support refers mainly to local extension services and availability of 
credit facilities (Deressa et al. 2009; Maddison 2007).  Farm surveys had relatively 
large samples covering different countries or regional areas with different climatic 
conditions.  As a result, there have been tests for local climatic factors and agro-
ecology in many studies.  Production inputs and outputs considered in studies 
included labour, seeds, machinery, and fertilizer (Di Falco et al. 2010).  
 
While these studies are informative about a range of variables that could give rise to 
individual variations in adaptive responses, they also have basic shortcomings in 
conceptual and empirical representation of problems.  A major weakness is the 
arbitrary nature of representation of adaptive responses. Many studies have identified 
a few selected activities that were actually practiced or hypothetical responses of 
farmers to represent adaptation choices as dependent variables in models.  Among 
the selected activities are planting trees, soil conservation, adoption of different crop 
varieties, early and late planting, and irrigation (Gbetibouo 2007; Hassan and 
Nhemachena 2008).  The selection of categories seems somewhat arbitrary that may 
not all be directly linked to climatic stimuli (variability/change) and they can be 
motivated by other broader environmental and socio-economic conditions faced by 
farmers.  Besides, the selection of variables for empirical models was not based on 
any theoretical/conceptual framework.  As a result, ‘determinants’ of adaptation 
highlighted by these studies have to be assessed carefully in the light of these 
shortcomings.   
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2.3.4 Climate Surprises and Expectations  
  
Farmers’ expectations also provide a useful path to approach climate surprises.  As 
explained in section 2.2.2.2, decision-makers’ expectations are connected to 
likelihood (probabilities) of events. The general direction of the relationship is that 
high probability events are usually considered as expected events whereas surprise 
events are rare and have a low probability of occurrence (Maguire et al. 2011; Teigen 
and Keren 2003). Reisenzein (2000) suggested an inverse relationship between 
surprise events and probability. Nevertheless, one should be cautious here that not all 
low probability events are necessarily surprising (Maguire et al. 2011).  Hence, low 
probability is a necessary but not a sufficient condition for surprises (Teigen and 
Keren 2003).  
 
Based on this understanding, rainfall surprises (random shocks) can be defined as 
low probability events that are not anticipated by farmers’ beliefs/expectations. They 
lead to the disconfirmation of expectations (Streets and Glantz 2000). Hence, climate 
surprise is entirely a subjective phenomenon relative to expectations, and farmers 
may take even familiar events as surprises (e.g., flash flood in a flood-prone area) 
unless prepared by expectations. Despite the low probability associated with climate 
surprises, they have the potential to cause heavy damage to livelihoods (Streets and 
Glantz 2000).  Usually impacts of such events spread over a wide geographical area 
thereby simultaneously causing damages to a large number of farmers.  In this sense, 
they are covariate risks (Heltberg et al. 2009).  Therefore, surprise rainfall events are 
highly important due to their potential for severe livelihood impacts over large 
sections of population.   
88 
 
The target community of this study, village tank farmers in the dry zone of Sri Lanka, 
encountered a surprise rainfall event within the study period with significant losses to 
livelihood activities. Evidence suggests that despite the randomness and covariate 
nature of the surprise event, not all farmers were affected in a uniform manner. This 
is a result of certain factors that influence individual farmers’ responses at the 
household level, despite the covariate nature of shocks. Literature from areas of 
behavioural research, climate change and disaster management offers some insights 
that are helpful in identifying factors contributing to differential household outcomes. 
Among the major factors identified are level of surprise, individual alertness to risk, 
vulnerability/exposure and coping capacity.  
       
2.3.4.1 Level of Surprise  
 
Surprise is not a uniform parameter across individuals and the level of surprise 
created by a rainfall event may vary among farmers. The level of surprise is a key 
element that shapes the response of individual farmers with respect to a given shock. 
According to Teigen and Keren (2002 and 2003), the level of surprise associated 
with an event is determined by the contrast between the actual and expected events.  
This is known as the contrast hypothesis of surprises (Maguire et al. 2011; Teigen 
and Keren   2002; 2003). In the case of climate surprises, this refers to the gap 
between one’s expectations about the likely climate and the climate that actually 
occurs (Streets and Glantz 2000). Expectations are usually formed before the event 
whereas surprise is experienced after the event.  An event that differs widely from 
expectations would be more surprising.   
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Variable levels of surprise created by a rainfall event can lead to diverse responses of 
farmers thereby resulting in different outcomes at the household level.  This provides 
a valid reason for different household outcomes due to surprise rainfall shocks. 
However, the common influence of shared beliefs has to be taken into account. To a 
certain extent, common influence of shared beliefs reduces the diversity of 
expectations.  As a result, the gap between expected and actual events that leads to 
individual variations in the level of surprise would also be moderated.  Therefore, 
different household outcomes due to surprise rainfall events cannot be fully 
accounted for by individual variations in the level of surprise under conditions of 
common influence of shared beliefs. 
 
2.3.4.2 Individual Alertness of Risk 
 
Another parameter that could lead to variations in household outcomes due to 
surprise shocks is individual differences in alertness. Despite the common guidance 
of shared beliefs, it is reasonable to assert that farmers may have individual 
differences in perceiving the randomness of rainfall.  This is identified as ‘risk 
alertness’; a personal trait relating to an individual sense of risk perception and 
readiness to respond to shocks.  Like personal risk attitudes, risk alertness can also be 
considered an individually oriented behavioural parameter.  
 
The concept of alertness has been examined in areas such as accident risk and 
driving performance, fatigue and work performance (Taylor and Dorn 2006). 
Entrepreneurial alertness is another area that has attracted research attention 
(Busenitz 1996; Gaglio and Katz 2001).  As far as risky choice behaviour is 
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concerned, the closest concept here is risk perceptions9.  Risk perception refers to 
individuals’ ability to sense and avoid harmful conditions (Weber and Johnson 2009).  
Studies have suggested that individual risk perceptions are strongly associated with 
positive or negative feelings attached to different stimuli that individuals encounter 
in experiences relating to risky prospects (Marx et al. 2007; Slovic et al. 2004; 2005; 
Weber 2006). This psychological phenomenon is known as ‘affect’. Affective 
reactions are triggered automatically by cues of the stimuli and often arise prior to 
cognitive perceptions (Leiserowitz, 2006; Marx et al., 2007).  The affect generated 
by personal experience is identified as an effective motivator of action.   
 
However, individual alertness to random shocks cannot be fully accounted by 
affective reactions alone.   It encompasses well thought-out patterns of behaviour 
assisted by cognitive skills.  For instance, some farmers may remain more alert to 
clues of shocks through persistent vigilance over information such as climate 
forecasts, media weather coverage and signs appearing in the local environment. 
Such responses could give alert farmers an edge over others when facing random 
shocks.  Alert farmers may sense random shocks more readily than less alert farmers 
and respond quickly. Hence, to a certain extent, individual risk alertness may help in 
explaining empirical observations of varied household outcomes due to surprise 
shocks.    
 
 
 
                                                             
9 The concept of ‘risk perceptions’ discussed here is somewhat different in emphasis from the account 
on ‘perception of risk’ in the section 2.3.3.1   
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2.3.4.3 Vulnerability and Coping Capacity  
 
In addition to subjective parameters such as level of surprise and risk alertness, 
climate change and disaster management literature provide certain insights to 
identify factors that could give rise to differential outcomes due to surprise shocks. A 
few of the relevant concepts are vulnerability, exposure and coping capacity.  Coping 
capacity usually refers to short-term responses to shocks whereas adaptive capacity is 
concerned with ability to adjust over relatively extended time horizons. These are 
broad concepts that have many definitions depending on the area of research 
concerned and no consensus exists regarding their meaning (Adger 2006; Smit and 
Wandel 2006).  A brief account of these concepts is presented below. All definitions 
discussed here are adapted versions to match the context of the present study.   
 
Vulnerability and exposure:  Based on the definition of IPCC (2001 and 
2007), in the context of the present study, vulnerability can be defined as the 
degree to which a household is susceptible to rainfall surprises. The level of 
vulnerability of a household is a function of the number of variables that 
determine the susceptibility to damage.  Among others, exposure to surprise 
shock is the most important.  Exposure refers to the degree, duration  and 
extent to which a household is in contact or subject to the impact of rainfall 
shock (Adger 2006; Kasperson et al. 2005) 
Coping capacity: Coping capacity is also called capacity of response 
(Gallopin 2006).   It refers to the short-term ability of households to respond 
to surprise shocks and moderate potential damage.  Coping capacity is 
distinguished from adaptive capacity in terms of short-term horizon involved 
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in responses (Smit and Wandel 2006).   
 
The above parameters identified from behavioural research and climate change 
literature provide useful insights to develop a conceptual foundation to examine 
household sensitivity to surprise climate shocks.  Given the limited guidance offered 
by standard theories of risky choices to analyse the problem, insights from these 
conceptual tools will be used to identify the variables and draw hypotheses on them 
for empirical analysis.    
 
2.4 Research Questions       
 
The preceding sections of this chapter extensively reviewed the theory and literature 
relevant to the broad research problem that explores the role of shared beliefs in 
farmers’ adaptation choices. It helped to identify certain key issues that cover 
different aspects of the problem. Among the core issues identified are farmers’ 
shared beliefs and perceptions on climatic variability/change, temporal (time 
horizons of decisions) and collective decision (joint adaptation) dimensions of 
adaptation, individual variations in adaptation choice and surprise climate events. 
The study focuses on four interrelated research questions that deal with the above 
mentioned core issues.   
 
(a) Do farmers’ have shared beliefs that lead them to identify the general pattern 
of variability and long-term changes in rainfall and are these perceptions 
consistent with the patterns observed in local weather data? 
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(b) How does common influence of shared beliefs guide decisions on different 
time horizons and joint adaptation decisions? 
(c) How do factors identified from different areas of interest lead to individual 
variations in adaptation choice despite common influence of shared beliefs? 
(d) What factors influence the individual sensitivity to surprise rainfall events 
when farmers’ beliefs fail? 
 
Answers for these questions can be expected to shed more light on the broader issue 
on the role of shared beliefs in adaptation with useful policy implications. The four 
research questions of the study are outlined below. 
 
Research Question 1: Do farmers’ have shared beliefs that lead them to identify the 
general pattern of variability and long-term changes in rainfall and are these 
perceptions consistent with the patterns observed in local weather data? 
 
Farmers successful adaptation against climate risks primarily depends on whether 
they can perceive variability and change in local climate (Slegers 2008; Tucker et al. 
2010).  As a result, study of farmers’ perceptions of climatic variability/change has 
become an important area of research in climate adaptation.  Opinions of researchers 
and academics are divided over the issue.  A group of researchers appears to be 
convinced that farmers can perceive changes in climate readily and make adaptive 
responses (Ayanwuyi et al. 2010; Maddison 2006; Osbahr et al. 2011; West et al. 
2008) while others remain sceptical (Hansen et al. 2004; Mertz et al. 2009; Rao et al. 
2011; Weber 2010). Although this area has received wide attention in adaptation 
research, a coherent view is yet to emerge. 
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Perceiving variability and changes in climate systems is not an easy task (Weber 
2010).  Insights from formal theories on risky choice suggest that farmers’ 
probabilistic expectations on rainfall provide a key to examining their perceptions 
and adaptation choices.  However, ambiguity of climate risks due to stochastic 
variations and limitations of cognitive/memory capacity rule out making reliable 
expectations on rainfall based on personal experience alone.  Discussion on 
behavioural research and climate adaptation literature has established the importance 
of farmers’ shared beliefs as a legitimate guide to decisions in the presence of 
cognitive/memory limitations and the conditions of ambiguity.  Accordingly, farmers 
need the support of commonly held beliefs as priors to make expectations about 
rainfall events. Hence, shared beliefs appear to provide the foundation for perception 
of rainfall variability and change in farmers’ adaptation decisions.  
 
This raises the following issues for further investigation.  In the first place, 
notwithstanding theoretical arguments on the role of shared beliefs, do actual rainfall 
expectations of farmers confirm the existence of a single domain of beliefs shared by 
all? Secondly, if a shared domain of beliefs exists, does it reflect average patterns of 
variability and long-term changes in rainfall indicated by local weather data 
consistently?  These issues involve conceptual and empirical aspects that have 
received limited attention in adaptation research thereby calling for in-depth 
investigation. The first research question of the study takes up these issues for further 
examination. Answer(s) for this question can be expected to enhance the 
understanding on the role played by shared beliefs and adaptation decisions―the 
overarching research problem of the study. 
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Research Question 2:  How does common influence of shared beliefs guide 
decisions on different time horizons and joint adaptation decisions? 
 
Adaptation decisions have to deal with a range of choices that involve different time 
horizons.  They also include collective decisions of farmers for joint adaptations.   
Farmers’ rainfall expectations appear to provide a common thread underlying areas 
covered by the scope of adaptation choices.  If rainfall expectations are based on a 
shared domain of beliefs, it is logical to expect shared beliefs to have a common 
influence over decisions on different time horizons as well as joint decisions on 
adaptation.  
 
Despite the logic of this inference, however, the nature of influence that shared 
beliefs have on different types of decisions remains largely an unexplored area. It 
raises a number of issues such as whether choices made over different time horizons 
are affected by the shared beliefs in the same manner and under what conditions 
farmers resort to joint decisions on adaptation.  The second research question 
examines how the common influence of shared beliefs guides decisions on different 
time horizons and joint adaptation decisions. Answering this question requires an 
understanding of decision criteria used by farmers in adaptation choices.  
Recognising the decision criteria would provide useful insights regarding the 
adaptation behaviour of village tank farmers and other farming communities that face 
similar circumstances.  The issue covered by this question is relatively broad and 
answer(s) can also be expected to provide broad insights. Given its broad scope, the 
research question is examined using supportive evidence from a wide range of 
sources and both statistical and qualitative methods are used in the analysis.   
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Research Question 3: How do factors identified from different areas of interest lead 
to individual variations in adaptation choice despite common influence of shared 
beliefs? 
 
It is logical to expect that the common influence of shared beliefs could lead to a 
high level of uniformity in choice represented by a popular set of adaptation choices. 
However, field observations of village tank farmers as well as literature on 
adaptation indicate that individual variations exist in farmers’ choice of adaptations.  
Variation observed in individual choices indicates that farmers’ decisions are also 
affected by other factors, despite the common influence of subjective 
beliefs/expectations.  
 
The review presented in this chapter identified certain parameters and broad factors 
(areas of interest) that could lead to individual variations in adaptations choices. As 
risky choices, farmers’ adaptation decisions are subject to individual variations in 
risk attitudes.  However, dominantly risk aversion behaviour of farmers reported by 
many studies limits the scope for explaining individual variations in terms of risk 
attitudes.  Behavioural studies have stressed the importance of individual perception 
of risk.  On the other hand, conceptual and empirical literature on climate adaptation 
suggests that farmers’ adaptation choices could be shaped by variables that represent 
adaptive capacity/vulnerability of households, external interventions and several 
other personal, household and community level variables (determinants).   
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The third research question is concerned with how different variables lead to 
individual variations in adaptation choices. The essential argument is that despite the 
common influence of shared beliefs on farmers’ adaptation decisions, such decisions 
may be affected by several other factors specific to a given household thereby 
leading to individual variations in choice among households. It brings in an objective 
selection of factors into the analysis, thereby paving the way for more generally 
applicable findings across different village tank communities as well as similar 
communities elsewhere. Recognising these factors and understanding their effect on 
village tank farmers’ choices will help to identify interventions that can manipulate 
household adaptation behaviour.  
 
Research Question 4:  What factors influence the individual sensitivity to surprise 
rainfall events when farmers’ beliefs fail? 
 
A surprise is an event that could not be predicted by decision-makers’ 
beliefs/expectations (Maguire et al. 2011; Streets and Glantz 2000; Teigen and Keren 
2003). Hence, it can be considered a failure of beliefs/expectations. This refers to 
rainfall events that take farmers by surprise despite beliefs and prior expectations. 
Surprise events are not uncommon for village tank farmers and they underwent such 
a shock in 2011, during the study period. Coping with such events can be considered 
an important part of village tank farmers’ adaptation decisions.  
 
Despite the fact that many farmers in the dry zone faced this event, observations 
suggest that the damage varied among households even in the same village. Damages 
included crop losses in highland farming activities as well as wetland rice farming. 
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Different household-specific outcomes are a result of certain individual-, household- 
and community-level factors. The review of the literature presented in section 2.3.4 
highlighted that surprise is a subjective phenomenon and therefore subjective 
parameters pertaining to level of surprise caused by an event and individual alertness 
could lead to variable outcomes at the household level.  Moreover, it also identified 
individual differences in the vulnerability of households and their coping capacity as 
factors that determine household outcomes of surprise rainfall events.  These are 
broad factors with several household specific variables. Recognition of these 
variables and assessing their effects on household sensitivity to surprise shocks 
increases understanding of another aspect of adaptation behaviour that can be useful 
for enhancing farmers’ capacity to face such shocks. Therefore, the fourth research 
question of the study focuses on identifying the factors that determined the 
sensitivity of different households to the 2011 surprise rainfall event.  
   
2.5 Summary of Insights  
 
This chapter presented a review of the theory and literature relevant for 
understanding the nature of farmers’ adaptation choices. It examined adaptation 
decisions as risky choices made under climatic variability and change.  It revealed 
that rainfall variability, having deterministic and stochastic components attached to it, 
represents a situation of ambiguity rather than a true risk.  
 
The review of the formal theories helped to identify: (a) specification of risky choice 
problem and decision criteria for choice among alternative adjustments, (b) farmers’ 
probabilistic expectations of rainfall and (c) conceptual devices for explaining 
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individual variations should constitute key structural elements of a framework on 
adaptation decisions. Although many risky decisions have general structural 
characteristics in common, they also have unique, issue-specific features. The 
climate adaptation decisions of farmers are not an exception. Such unique features 
introduce specific theoretical and empirical challenges in analysing risky decisions. 
To recognise these challenges, the chapter further reviewed recent advances in 
behavioural research and literature on climate adaptation. Several empirical studies 
from different branches of climatic adaptation provide evidence to suggest that 
farmers’ rainfall expectations are based on locally shared beliefs and signs observed 
in the local environment. 
 
Based on the insights drawn from relevant areas of theory and literature, the 
following conceptual elements can be identified as essential components of a 
conceptual framework on adaptation decisions of farmers.  
 
Theoretical construct on farmers’ rainfall expectations and beliefs.  It 
provides the conceptual basis for the first research question.  In addition, it 
also serves as an essential structural element of the overall framework 
proposed to develop propositions/hypotheses on other research questions as 
well.  
Decision criterion used by farmers in adaptation.  This refers to criterion 
used by farmers to make choices among alternative adjustments.  This is 
basically aimed at explaining famers choices applicable for different time 
horizons.  
Theoretical device to explain individual variations in adaptation choices.  
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The concept of ‘household adaptivity’―a household trait that determines the 
propensity to adapt―is introduced as a positive behavioural parameter that 
explains individual variations in adaptation choice.  In a context where 
farmers’ rainfall expectations appear to be influenced by commonly held 
beliefs, households are assumed to vary in terms of their level of adaptivity, a 
parameter which is supposed to vary by household specific factors thereby 
explaining individual variations in adaptation.  
 
In addition, the review also offered insights about conditions and factors that could 
lead to joint adaptation and variable household outcomes under surprise rainfall 
shocks.  
 
In the next chapter, a conceptual framework on farmers’ adaptation decisions based 
on the above structural elements is presented. This framework is used to draft 
propositions and hypotheses on specific research questions for empirical verification 
through primary and secondary data collected from village tank systems. 
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Chapter 3: Conceptual Framework—A Decision 
Framework for Adaptation Choices 
 
In this chapter, insights gained from the review of formal theories and empirical 
literature on climate adaptation is used to develop a conceptual framework that 
explains the adaptation choices of village tank farmers. It cannot be considered a 
full-fledged theory to address the theoretical and empirical challenges of this 
complex research issue. However, it aims to derive propositions and hypotheses for 
the empirical investigation of the key research questions presented in Chapter 2. The 
framework is structured along the lines of formal theories of risky choices and 
logically organises insights from formal theories, recent advances in behavioural 
research and empirical evidence. 
 
The conceptual issues of each research question are discussed in a logical order. 
Section 3.1 presents an overview of the framework and nature of risky choice 
involved. Section 3.2 discusses a theoretical construct on farmers’ rainfall 
expectations, which examines the first research question on farmers’ beliefs and 
perceptions.  Section 3.3 describes the economic rationale and decision criteria 
proposed to explain farmers’ adaptation decisions.  The aim of this section is 
developing propositions regarding the second research question.  A caveat on 
decision criteria proposed in this chapter is given in section 3.4. Section 3.5 extends 
the conceptual framework to explain variations in adaptation choices among 
households by introducing the concept of ‘household adaptivity’. Section 3.6 
identifies and discusses factors that affect the outcomes of surprise rainfall shocks. 
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3.1 Decision Framework for Adaptation Choices: An Overview 
 
This section presents a decision framework on adaptation choices with specific focus 
on the adaptation decisions of rain-fed smallholder farming systems in developing 
countries. The framework is structured along the lines of formal theories of risky 
choices covering the key elements of decision criteria for making choices, nature of 
probabilistic expectations about rainfall uncertainty and concepts explaining 
individual variations of choice. However, the framework deviates from formal 
models in a number of ways as a result of three factors: the ambiguous nature of 
rainfall uncertainty, the cognitive limitations of farmers in probabilistic expectations 
and empirical evidence of the existence of shared beliefs. 
 
Nature of risky choice examined by the conceptual framework can be summarized as 
follows. In the case of farmers living in dry and arid conditions in tropical areas, the 
fluctuation of rainfall is the major climatic parameter that contributes to the risk and 
uncertainty they face (Rao et al. 2011; Wani et al. 2009). Fluctuation of rainfall is an 
inherent characteristic of randomness associated with climatic variability and global 
climate change may lead to increase the randomness further. As farmers face the risk 
of rainfall fluctuations on a continuous basis, they have to make regular adjustments 
in their livelihood activities.  
 
The framework proposes a decision criterion to explain diverse farmers’ adaptation 
decisions subject to their rainfall expectations, which are shared beliefs. The basic 
logic is that given the ambiguous nature of rainfall uncertainty, farmers are guided by 
belief-based expectations. Accordingly, farmers make adaptation decisions with the 
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objective of achieving value gains by making adjustments in livelihood choices 
subject to their rainfall expectations. The set of alternative adjustments among which 
farmers have to choose define the scope of adaptation choices and depend on the 
circumstances they face.  
 
Given the fact that they do not know the final outcome due to the uncertainty of 
rainfall, they make decisions to optimise the expected value gains. Farmers are 
presumed to make their choices to achieve high expected value gains by using a 
‘criterion of subjective matching of rainfall expectations’. This criterion is posited 
entirely as a logical construct without any behavioural/psychological connotations 
based on experimental evidence. Subject to their cognitive limitations, they use a 
criterion of matching alternatives with rainfall expectations (beliefs) to ensure the 
high likelihood of outcomes of their choices so that they can achieve high expected 
value gains. This criterion is similar to but does not represent a heuristic confirmed 
by experimental evidence. The starting point of this framework is the theoretical 
construct of farmers’ belief-based rainfall expectations, which is described below. 
 
3.2 Rainfall Expectations and Shared Beliefs of Farmers 
 
The conceptual framework begins with a theoretical formulation of farmers’ rainfall 
expectations, which is a key component of the framework with important 
implications for explaining many aspects of farmers’ adaptation responses. 
According the framework, farmers have two types of rainfall expectations: normal 
rainfall expectations (NREs) and seasonal rainfall expectations (SREs) 
  
104 
 
3.2.1 Normal Rainfall Expectations 
 
NREs are a shared set of beliefs about local rainfall distribution. This can be 
considered a local model of rainfall variability. Like any other model, the farmers’ 
shared model is a simplification of the complex reality. Through this model, farmers 
try to capture continuous variability of rainfall into annual cycles and then the annual 
cycle into seasons and inter-seasonal events. They essentially cover the deterministic 
component of rainfall variability. Accordingly, NREs are typically encoded in a 
locally recognised seasonal pattern of rainfall over an annual cycle that provides a 
standard rule regarding a ‘normal’ year. Within the structure of recognised seasons, 
these beliefs also cover intra-seasonal rainfall variability. They serve as a template 
for making rainfall expectations in a given period of the year.  
 
In addition, NREs establish a basic framework of reference against which changes 
are observed. Climate is inherently variable over time and external factors such as 
global warming may bring in changes to familiar patterns of variability.  NREs 
provide the benchmark for detecting such changes and make appropriate behavioural 
responses.  This aspect is discussed in more detail in the forthcoming section. 
 
The farmers’ model is presented in Table 3.1 in a highly simplified form, as it does 
not cover intra-seasonal variability. Each season is characterised by joint 
expectations about amount (magnitude) and fluctuations (variability) of rainfall. 
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Table 3.1: A Simplified Representation of NREs 
 Rainfall amount  
Season 1 Season 2 
Low  Medium  High  Low  Medium  High  
R
ai
nf
al
l 
va
ri
ab
ili
ty
 Low       
Medium       
High       
 
 
3.2.2 Seasonal Rainfall Expectations 
 
The generalised template provided by NREs cannot be used for all types of risky 
choices due to stochastic fluctuations of rainfall. As NREs only cover the 
deterministic component of rainfall variability, in every season, farmers form SREs 
by using NREs as a template. SREs are conditional expectations based on the beliefs 
on prior NRE distributions. Farmers derive SREs by updating NREs with the aid of 
local climate indicators, which are signs of rainfall observed in the local environment. 
Unlike NREs, which are shared beliefs, SREs are individual expectations. Figure 3.1 
provides a schematic representation of this process. 
 
 
 
  
 
 
Figure 3.1: A Schematic Representation of Updating Rainfall Expectations 
  
Farmers use either NREs or SREs when making choices among alternative 
adjustments depending on the nature of adaptation choices involved. They use 
specific criteria for different types of adaptation decisions.  
NREs 
(Prior Beliefs) 
Local Climatic 
Indicators  
Updating 
SREs 
(Updated 
Expectations) 
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The above construct of belief-based rainfall expectations has important implications 
towards understanding the complex decisions involved in farmers’ adaptation 
responses. Some basic implications can be identified by referring to the definition of 
adaptation given in Chapter 2 as ‘adjustments in [the] behaviour of farmers in 
response to changes in conditions resulting from actual or expected variability or 
change in climate in order to cope with harmful impacts or to take advantage of 
opportunities’. Two fundamental conditions are implicit in this definition to consider 
a course of adaptive action: the recognition of (a) changes in conditions and (b) the 
likelihood of harmful impacts or opportunities associated with those changes. 
 
As the basic framework of reference available to farmers, NREs have a major role to 
play. They provide the benchmark against which changes in conditions have to be 
recognised. Changes could either be circumstances that may lead to modification or 
updating of NREs or alterations in other conditions while NREs remain constant. 
Considering the time horizons applicable to human decision-making, NREs (as part 
of farmers’ long-held beliefs) can be considered relatively stable in the short to 
medium term unless disturbed by concerns that are not so common, such as climate 
change induced by global warming. As a result, even in the long run, farmers are 
more often likely to be motivated by changes in other conditions while they are 
under the influence of relatively stable beliefs about rainfall. 
 
In the short run, however, farmers’ decisions are susceptible to stochastic 
fluctuations. NREs, as a template, can accommodate a range of short-term 
fluctuations that can be captured by SREs through updating with local indicators. 
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Therefore, short-run adaptation decisions of farmers are motivated by changes 
indicated for NREs by local signs in the updating process.  
 
In the long run, circumstances that lead to modification of beliefs (NREs) could arise, 
such as global climate change. In Chapter 2, climate change has been defined as the 
long-term shifts in the mean state and variability of climatic parameters. NREs can 
be considered a subjective parallel to the objective phenomenon of the mean state 
and variability of rainfall. Hence, they play a major role in farmers’ detection and 
perception of global climate change. Any variation that can be captured by SREs 
cannot be considered to perceive global climate change. Instead, perception of shifts 
in the climate system associated with global climate change requires modification 
and evolution of the template itself (i.e., NREs). 
 
NREs are not static. However, being shared beliefs based on collective memory, 
NREs take time to evolve. Instead of short-term updating of personal expectations 
based on local indicators, it requires modifying shared beliefs to accommodate 
perceived long-term changes—reverse process of making regular expectations. This 
is a time-taking process of at least two steps.  Firstly, farmers need sufficient time to 
perceive that a long-term shift in the normal pattern is taking place. It requires 
persistent personal observations of rainfall events that deviate from the normal 
pattern for an extended period. The masking effect of the existing variability (noise) 
could further delay the detection of in-setting changes (Schneider et al., 2000). 
Secondly, it needs time for such perceptions to become shared beliefs, modifying the 
existing NREs and associated local knowledge.  Hence, modification/evolution of 
NREs to reflect the perceptions of long-term shifts in the climate system associated 
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with global climate change is a gradual process that may take place over an extended 
period of time.  This implies that in the short- to medium-term, NREs are relatively 
stable.  
 
Between the extremes of short-run fluctuations and long-term changes in climate 
change horizons, in the short to medium term, changes in conditions with reference-
stable NREs could take place due to alteration of other factors that give rise to 
livelihood impacts with losses or gains of value. Farmers make adaptive responses to 
such changes without modifying their beliefs (NREs). Changes in other conditions 
that could motivate adaptation responses in the medium to long run will be discussed 
below. The above account provides a suitable foundation to examine the time 
horizons of adaptation responses. A more comprehensive understanding is obtained 
below when this is taken together with the scope of adaptation choices.  
 
Perception of change is a necessary but not a sufficient condition for adaptation. It 
should be associated with potential livelihood impacts that are large enough to 
motivate farmers’ adaptive responses. Livelihood impacts could be either losses or 
opportunities. Through their adaptation responses, farmers try to avoid losses or 
capture opportunities to achieve value gains, which is their main motivation for 
adaptation.  
 
The theoretical construct of the belief- based system of rainfall expectations—NREs 
and SREs—will be used to develop hypotheses relating to the first research question 
in the next chapter.  These hypotheses will be tested empirically using primary data 
gathered from a sample of village tank farmers.  In addition, NREs and SREs also 
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provide the basis for farmers’ decisions on adaptation choices under rainfall 
uncertainty. Section 3.3 examines the economic rationale and decision criteria for 
adaptation choices in detail, focusing on value gains as a main motivating factor for 
adaptation.  
 
3.3 Economic Rationale and Decision Criteria for Choice of 
Adjustments: Matching Rainfall Expectations 
 
The second research question asks how common influence of shared beliefs guide 
adaptation decisions at long-, medium- and short-term horizons and collective 
decisions for joint adaptation. Answering this question requires an understanding of 
decision criteria used by farmers in adaptation choices.   
 
The livelihoods of farmers include both on-farm and off-farm activities that generate 
values. On-farm activities include both cropping and livestock activities. Farmers 
have to achieve their livelihood objectives from the set of value-generating activities 
available to them at a given period of time, which can be given by:  
 
X = x1,…,xn  (3.1) 
 
Where,    xi = livelihood activities 
 
This set of activities is not static and could change over time.  
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Farmers undertake livelihood activities with the objective of achieving higher net 
values. They do so under uncertain conditions associated with rainfall 
variability/change that could have positive or negative impacts on their livelihoods. 
In the short run, stochastic rainfall fluctuation is the causal factor of impacts, whereas 
extensive changes to the system could have far-reaching impacts on the climate 
change horizon. Regardless of the type of change, impacts associated with them lead 
to positive or negative values in livelihood activities. 
 
Adaptation provides the opportunity for realising value gains from making 
adjustments in livelihood choices under changing conditions. Decisions on 
adaptation involve choices among alternative adjustments. Adaptation generates 
value gains either by avoiding losses or capturing opportunities. Adjustments10 can 
take many forms, ranging from broad amendments of entire groups of activities to 
subtle fine-tuning of operational arrangements of individual activities. The success of 
adaptation can be assessed in terms of value gains achieved through adjustments. If 
‘well adapted’, value gain is high and if ‘poorly adapted’, value gain is low. 
 
3.3.1 Value Gains: Motivation for Adaptation 
 
Adaptation decisions are risky choices among alternative adjustments that could lead 
to outcomes of different values subject to variable conditions associated with rainfall.  
The farming of a crop is not an adaptation choice itself, but the farming of a selected 
variety in a particular time in a specific location is an adaptation. Thus, the choice 
                                                             
10 It may include adjustments such as changing the portfolio of economic activities (introducing, 
dropping or replacing activities), modification of timing and placing of activities, changing the 
organisation of operational arrangements, amending the order of execution of activities, changing the 
time and place availability of resources and adopting new technologies. Major types of adjustments 
and the scope of choice covered by them in village tank systems are discussed in section 3.4.1.  
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involved is among alternative forms of adjustments rather than alternative activities. 
Assuming two alternative sets of adjustments A and B: 
 
A Æ    (3.2a) 
BÆ    (3.2b) 
 
Where,   = Activity i under set of adjustments (adaptation prospect) A 
 = Activity i under set of adjustments (adaptation prospect) B 
 
Sets A and B generate different values under a given type of rainfall event. Farmers 
seek to gain higher values by choosing among alternative sets of adjustments subject 
to their rainfall expectations. The economic contribution of adaptation is not the total 
outcome value from a selected choice of activities but the value gain/loss from a 
particular set of adjustments chosen by farmers over alternative sets of adjustments. 
Value gains from adaptation prospect A can be shown by:  
 
Value gain =    (3.3) 
 
Where,   Value of ; Value of  
 
3.3.2 Gains and Losses from Repeated Choice 
 
The stochastic fluctuation of rainfall is a persistent short-run risk, and there may be 
conditions that have livelihood impacts on medium to long-run horizons as well. 
Therefore, adaptation is a continuous process. Farmers have to make repeated 
a
n
a xx ,...X 1
A  
b
n
b xx ,...X 1
B  
axi
bxi
BA VV 
AA VX  BB VX  
112 
 
choices of adaptation over time. In addition to their motivation for achieving value 
gains by selecting among alternative adjustments at a given period of time, farmers 
attempt to improve the prospects of value gains over time (across repeated choices) 
through progressive enhancement of their adaptive capacity. They attempt to increase 
value gains from one round of adjustment to another as follows: 
 
           (3.4) 
Where,  
 = Value of set of adjustments A at ith period 
 
Hence, adaptation is an evolutionary process. Farmers assess cross-period 
improvements in value gains relative to a reference point that reflects their 
expectations and values. While there could be alternative indices that could serve as 
reference points, in this model, farmers are presumed to do this relative to a moving 
reference point as follows:  
  
 ൌ  ൫୲୅ െ ୲୆൯ െ  (3.5) 
 
 ൌσ ൫୚౟ఽି୚౟ా ൯౪షభ౟సభ ୲ିଵ    (3.6) 
Where,    
R = Average of value gains from the past t-1 rounds of choices 
 
The average of value gains from previous rounds of choices is the moving reference 
point assumed here. Farmers assess their adaptation choices in reference to this point, 
0VV At1
A
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against which value gains from each round are measured as a gain or loss. Hence, 
farmers assess the outcomes of their choice (value gains) in a given period of time 
relative to the outcomes (value gains) of their past choices. This implies that a value-
based criterion exists across repeated adaptation choices over time, which aims for 
progressive improvement of outcomes. This means that feedback from past choices 
influences present decisions; that is, adaptation involves a learning process. 
 
It is presumed that farmers’ choices are directed by a loss-aversion criterion 
operating across repeated choices through value-based comparisons. Gains and 
losses are identified with respect to the reference point. The loss-aversion criterion 
refers to the existence of an asymmetric value function for adaptation choices, which 
is risk averse for gains and risk seeking for losses. This implies that when farmers 
perceive losses subject to their rainfall expectations in a given period, they behave in 
a risk-seeking manner. 
 
3.3.3 Matching Rainfall Expectations: Decision Criteria for Choice of 
Adjustments 
 
The core objective of the conceptual framework is to identify criteria used by farmers 
when making adaptation choices among alternative adjustments. Here, insights have 
been drawn from formal theories (i.e., EUT and PT) as well as other decision theory 
concepts discussed in Chapter 2. Farmers are presumed to choose the alternatives 
that generate the highest expected value gains, which is broadly in line with the 
decision criteria of EUT and PT. Expected value gains are jointly determined by 
amount as well as the likelihood (probability) of value gains as follows: 
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ሺ୅ሻ ൌ ୅ ൈ ୅   (3.7) 
Where,
   VA = Value gain from adjustment A 
PA = Probability of value gain 
 
However, farmers are decision-makers whose cognitive capacities are limited as well 
as the information available for them to make the choices based on the criterion of 
expected value gains. The core information available for them when making choice 
decisions are NREs and beliefs on local indicators to update NREs. Different 
adjustments have the potential to generate different levels of value gains under 
variable events of rainfall. Through learning from past choices, farmers have an idea 
of the level of value gains from respective adjustments relative to each other. 
However, these expected value gains are dependent on not only the level of value 
gains but also the likelihood of achieving those levels of gains. In a rain-fed farming 
context, the likelihood of outcomes (value gains) from a given type of adjustment is 
highly dependent on the technical compatibility of respective adjustments with 
expected events of rainfall. Given the circumstances, a rational criterion available for 
farmers to make adaptation choices is the subjective matching of alternatives with 
rainfall expectations. The essence of this idea is to ensure the high likelihood of 
achieving value gains (high expected value gains) from respective adjustments. 
Expected value gains depend on the level of match found between alternative 
adjustments and expected events of rainfall.  
 
x If a good match is found between adjustments and expected rainfall: High 
expected value gains 
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x If a poor match is found between adjustments and expected rainfall: Low 
expected value gains or loss 
  
This can be considered a heuristic-like approach, which is hereinafter referred to as 
‘matching rainfall expectations’.  
 
3.3.4 Scope of Choice and Time Horizons of Adaptation Decisions 
 
The circumstances that motivate farmers to take adaptive actions are many and 
diverse. As decision-makers with cognitive limitations, farmers cannot be expected 
to apply a simple matching criterion in an ideal manner to fit with all such 
circumstances. Hence, they are presumed to apply the choice criterion of matching 
rainfall expectations at the following three hierarchical levels so that it can be 
managed subject to cognitive limitations: 
 
Broad matching of a wide range of activities with beliefs/expectations about 
rainfall seasons. This helps farmers to identify/adjust broad prospects for 
adaptation (e.g., rain-fed prospects, irrigated prospects). 
More subtle matching of individual activities with beliefs/expectations on 
intra-seasonal variations. This helps farmers to identify/adjust the activities 
of respective prospects. 
Precise matching of operational arrangements of activities with SREs. This 
helps farmers to cope with stochastic fluctuations of rainfall.  
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This hierarchy of matching defines the scope of adaptation choices, which covers a 
complex array of decisions. Accordingly, at least three hierarchical levels of 
adaptation decisions can be identified in the case of rain-fed farmers: 
 
Adjustments of broad prospects of adaptation. Adaptation prospects can be 
defined as broad arrangements of activities that match beliefs/expectations of 
rainfall seasons (e.g., rain-fed prospects, irrigated prospects). Any farming 
system such as the village tank system may consist of a profile of adaptation 
prospects, among which rain-fed prospects can be considered the most basic. 
Identification of new prospects and adjustment of the existing profile can be 
considered the highest-level decisions in this hierarchy. For instance, 
identifying a new prospect (e.g., well-irrigated) may open up value-gain 
opportunities for an entire range of activities.  
Adjustments of activities within the prospects. Broad prospects of adaptation 
consist of portfolios of one or more activities (e.g., cropping/livestock, rain-
fed maize, irrigated paddy). Farmers’ decisions on activities, which could 
lead to the modification of existing portfolios, can be considered middle-level 
decisions in this hierarchy of adaptation choices. 
Adjustments of the operational arrangements of activities. Every activity 
consists of a sequence of operational arrangements (e.g., land preparation, 
establishment, aftercare management operations, harvesting, post-harvesting). 
Farmers have to make regular adjustments in operational arrangements, such 
as the timing of operations and the selection of varieties to face stochastic 
rainfall fluctuations according to updated SREs. Such adjustments help to 
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fine-tune the decisions taken at higher levels so that better value gains can be 
attained. They represent the lowest level decisions in this hierarchy. 
 
Decisions covered under these hierarchical levels of adjustments may involve 
different time horizons. Risbey et al. (1999) identified three broad classes of 
adaptation decisions based on the time horizons involved: 
 
x Long-term structural adaptations. Adaptation decisions that extend over 
decades or more. 
x Medium-term strategic adaptations. Decisions that involve time horizons of 
more than one year (1–5 years on average). 
x Short-term tactical adaptations. Decisions concerned with short-term 
intervals, involving seasonal or annual changes. 
 
Regardless of the arbitrary nature of the time scale assigned, this classification of 
time horizons can effectively be associated with the above hierarchy of adaptation 
decisions. Accordingly, prospect-level adjustments can be identified as structural 
long-term adaptations, where ‘long term’ refers to a time horizon sufficient for the 
system to undergo major changes that can affect the entire range of activities. Such 
changes could take place either due to modifications of NREs or changes in other 
physical and socio-economic conditions while NREs remain relatively stable. 
Structural adaptations come as adjustments to capture value-gain opportunities (or to 
avoid losses) created by such long-term changes of conditions by identifying new 
prospects or by modifying the existing profile of prospects. 
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Below that level, the medium term can be considered a time horizon that affects the 
value-gain potential of one or more activities in relation to stable rainfall 
expectations. Farmers make strategic adaptations by adjusting activity portfolios 
within prospects to capture value-gain opportunities or avert losses.  
 
At the lowest level, tactical adaptations are made to fine-tune operational 
arrangements of activities in response to fluctuations that usually take place in 
seasonal or annual cycles in order to optimise the short-term outcomes of activities.  
 
3.3.5 Matching Rainfall Expectations in Choice Decisions Taken at Different 
Time Horizons 
 
This section focusses on application of decision criterion of matching rainfall 
expectations in long-, medium- and short-term decisions of adaptation. Applications 
of the choice criterion of matching rainfall expectations may vary depending on the 
level of adjustment and time horizon involved in respective adaptation decisions. 
Farmers may refer to NREs and SREs according to the level (of precision) of 
matching required in respective types of choices. For prospect- and activity-level 
decisions, an average match between adjustments and rainfall expectations may be 
sufficient. Besides, given the longer time horizons usually associated with such 
higher level decisions, a very high level of precision in matching may not be 
practical. For such decisions, NREs may be sufficient. For adjustments at the level of 
operational arrangements, however, a match of a much higher level of precision is 
usually required. Therefore, farmers may have to update their expectations to derive 
SREs to make decisions on such adjustments. 
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In addition, farmers may need technical information relating to respective 
adjustments other than rainfall expectations to make adaptation decisions using the 
choice criterion of matching rainfall expectations. For instance, the identification and 
adjustment of activity portfolios require farmers to be familiar with the water 
requirements of activities to make a successful match. Farmers may acquire such 
information from local beliefs/knowledge, experience from practice or other sources 
of information such as extension services. There is strong evidence to suggest that 
farmers possess such information in the form of local classifications of activities, 
such as dry/wet, drought sensitive/tolerant, high water intensive/low water intensive 
and rain fed/irrigated. Such information from local knowledge sources may not 
always correspond with scientific classifications (Roncoli et al. 2002).  
 
The application of the choice criteria in the three hierarchical levels of adjustments is 
examined below, beginning with decisions on prospect level adjustments. 
 
3.3.5.1 Prospect-Level Adjustments 
 
Adaptation prospects can be identified as arrangements that match a broad range of 
activities with beliefs/expectations of rainfall seasons, which offer opportunities for 
value gains. In a rain-fed farming context, farmers can identify the following 
scenarios by general matching of broad groups of activities with NREs:  
 
x Time segments (seasons) with high expected value gains to be achieved by 
timing of activities. This is a result of a good match between a range of 
activities and rainfall expectations (e.g., recognised rainy seasons). 
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x Time segments (seasons) with low expected value gains to be achieved by 
timing of activities. This is a result of a poor match of activities with rainfall 
expectations (e.g., recognised dry seasons). 
 
Technically, this can best be understood by referring to the concept of a 
sowing/planting window, which is popular in agronomy and agro-climatology. 
Originally introduced by Cocheme and Franquin (1967), a sowing/planting window 
refers to a period in a year when cropping activities can be carried out due to 
adequate soil moisture and the absence of temperature limitations. There could be 
single, double or more planting windows in a year/season. The concept emphasises 
the necessity of balancing the time of sowing/planting for proper crop growth and 
better yield by matching the soil moisture requirements of specific stages of crop 
growth in an optimal manner. This helps farmers to recognise a profile of adaptation 
prospects, which consists of:  
  
Basic rain-fed prospects. Rain-fed prospects are arrangements that offer the 
opportunity for high expected value gains just by timing activities to match 
periods with high rainfall expectations (e.g., rainy seasons). Rain-fed 
prospects are usually the least costly options for value gains. This can be 
considered the primary adaptation prospect in any rain-fed system. 
Prospects enabled by long-run structural adaptations. Matching would help 
identify prospects with high expected value gains by altering the time and 
space availability of water, which requires structural adaptations. Some 
examples are altering time availability (e.g., rain water/runoff harvesting) and 
altering space availability (e.g., irrigation, ground water extraction). They 
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involve temporal and spatial redistribution of water available from limited 
sources. 
 
3.3.5.2 Activity-Level Adjustments 
 
Within the profile of recognised prospects, farmers have to make adjustments at the 
activity level that could lead to modification of the activity portfolios of prospects. 
Farmers’ decisions on activity-level adjustments are taken by matching individual 
activities with rainfall expectations to achieve high expected value gains. These gains 
are determined by two parameters: the prospective returns from activities and the 
likelihood (probability) of achieving them. The probability of achieving prospective 
returns is usually determined by a technical match between water requirements of 
activities and rainfall (water) availability. Decisions on activity-level adjustments 
require more subtle matching of activities with beliefs/expectations on the intra-
seasonal distribution of rainfall. Otherwise, if an activity does not sufficiently match 
with expected events of rainfall, it is unlikely to yield high expected value gains even 
if activities have high prospective economic returns. 
 
Two broad categories of activities can be identified based on the prospective returns 
of activities: high-value and low-value activities. However, achieving the prospective 
returns of activities is determined by the level of rainfall match: 
 
x If a good match is found between the water requirements of activities and 
rainfall expectations: high probability of value gains 
x If a poor match is found between the water requirements of activities and 
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rainfall expectations: low probability of value gains 
 
Accordingly, adaptation decisions at activity level involve a two-step matching 
criterion. In the first step, activities are matched with rainfall expectations on the 
basis of a technical relationship between the requirements and availability of water 
(rainfall). In the second step, activities that sufficiently fulfil the technical criteria of 
matching are taken up on a priority order of potential value gains.  
 
Even for a high-value activity, if the rainfall match is poor, the expected value gains 
are low. Similarly, for a low-value activity, even if the RF match is perfect, the 
expected value gains could be low. Therefore, farmers adjust the activity portfolios 
of adaptation prospects (adjustments) according to the following order of priority:  
 
x Adjustments leading to a high RF match for high-value activities 
x Adjustments leading to a moderate RF match for high-value activities  
x Adjustments leading a high RF match for low-value activities 
x Adjustments leading to a moderate RF match for low-value activities 
 
The above order simply indicates the direction of priority; it could spread over a 
continuous distribution of value-gain expectations. 
 
An important point regarding adaptation decisions at activity level is they can be 
motivated by either changes in the conditions of a technical match of 
activities/rainfall expectations or relative changes in the prospective returns of 
activities. 
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3.3.5.3 Adjustment of Operational Arrangements 
 
Every activity involves a sequence of operational arrangements that have to be 
carried out under the stochastic fluctuation of rainfall. Hence, at the level of the 
operational arrangements of activities, farmers have to cope with short-run stochastic 
rainfall fluctuations. Compared with higher level adjustments, this requires precise 
matching to ensure high expected value gains under random fluctuations. Since the 
required level of precision cannot be achieved with NREs, in every season, farmers 
have to update expectations upon the clues provided by local indicators. Hence, they 
adjust the operational arrangements of activities based on SREs to achieve high 
expected value gains.  
 
A good technical explanation is provided by the concept of ideal planting dates, 
which refers to the most suitable planting time within a given planting window to 
achieve the optimal level of yield. It presumes that when there are deviations from 
the ideal sowing dates, yield potential of cropping activities (crop yield probabilities) 
declines. Farmers’ adjustments of operational arrangements can be considered an 
emulation of this principle to a certain extent. The sowing/planting window can be 
considered to represent a time range that demarcates the start and end-point of an 
interval within which the optimal planting/sowing date can lie. This interval is an 
expectation about a normal range resulting from the yearly fluctuation of rainfall 
events (NREs). Individual farmers attempt to time the field establishment of 
activities so that it coincides with optimal planting dates. As a result, every year they 
have to figure out the optimal planting date by updating their normal expectations 
(sowing/planting window) using the clues provided by local signs.  
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 The selection of suitable varieties helps farmers to fine-tune adjustments in 
operational arrangements further. Since the yield potential (crop yield probabilities) 
decreases when it deviates from the ideal sowing dates, losses can partially be offset 
by selecting the appropriate varieties with reference to ideal dates of planting. For 
instance, if establishment has been done at an early date, farmers can select a long-
maturing variety, usually of high yielding potential than short-term varieties, to 
achieve high expected value gains. Alternatively, if establishment has been delayed 
upon directions from local indicators, farmers can go for short-maturing varieties. 
Overall, in the case of adjustments at the level of operational arrangements, farmers 
may adopt a sequential decision-making approach by revising rainfall expectations in 
an ongoing manner to respond to evolving rainfall patterns as the season progresses. 
 
The above account highlights that farmers use the choice criterion of matching 
rainfall expectations in a flexible manner depending on the nature of the choice 
involved.  The second research question is specifically concerned with decisions 
taken at different time horizons.  According to the conceptual framework, decisions 
taken at long-, medium- and short-term horizons closely correspond with three 
hierarchical levels of decisions—adjustments at the levels of prospect, activity and 
operational arrangements.  In Chapter 4, propositions on decisions taken at three 
major time horizons will be discussed based on the conceptual understanding 
developed in this section.  
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3.3.6 Collective Choice and Joint Adaptation 
 
Another issue concerned with the second research question is collective decisions for 
joint adaptation. Farmers can make individual choices or join with others to make 
collective choices to seek value gains. Such collective decisions are joint adaptations. 
Individual and joint adaptations are alternative sets of adjustments with a value-based 
connection. Farmers can select among them on the basis of value-based comparisons. 
As they do in individual choices, farmers aim for improvements in value gains by 
switching from individual to collective choices. Joint adaptation takes place when 
farmers collectively perceive and agree that outcomes (values) from choices 
(adjustments) are exceeding the gains from individual choices. The value of the 
outcome of joint adaptation can be represented as: 
 
VJÆ     (3.8) 
 
 = Joint activity i  
Adjustment J with joint activity I 
 
The value of the outcome of individual adaptation can be represented as: 
 
VA Æ    (3.9) 
 
Adjustment A with all individual activities 
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Based on the above representation: 
 
 ൌ ୎ െ ୅ ൒ Ͳ  (3.10) 
 
Gains should be mutual. This implies that each individual should gain from 
collective choice than from individual choice. Gains could either be captured 
opportunities or losses averted. There may be a variety of circumstances that give 
rise to such conditions. 
 
Like individual choices, joint adaptation decisions are connected to past decisions 
through a value-based feedback mechanism, and farmers follow a loss aversion 
criterion. 
 
3.3.6.1 Conditions Necessary for Joint Adaptation 
 
Farmers that undertake joint adaptations have to make collective judgments of 
outcomes and their probabilities.  The perceived mutual gains of joint adaptation are 
outcomes judged collectively as having high probability of occurrence. It is logical to 
expect that a common basis of understanding is necessary for farmers with varied 
personal experience to agree upon certain selected outcomes.  Shared beliefs (NREs) 
provide a basis for joint expectations on rainfall thereby acting as a common guide to 
collective decisions. They also serve as a reference point for farmers to recognize 
and make joint interpretations about what is normal and what is an anomaly.  This is 
further facilitated by local climate indicators that provide guidance for updating NRE 
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into SRE. Unless guided by such a common basis of understanding, collective 
perception of mutual gains is a difficult task.  
 
However, collective perception of mutual gains alone does not fulfill sufficient 
conditions for successful choices of joint adaptation. The discussion in section 
2.3.2.2 identified that institutions are an essential condition for joint adaptations.  
They fulfil at least three functions required for joint adaptation: facilitating collective 
decisions, overcoming the risk of strategic behaviour and reducing the transaction 
cost of behavioural interactions.  
 
3.4 Caveat 
 
It is useful to examine a few implicit conditions that are associated with the decision 
framework proposed. Firstly, the framework presupposes the existence of an 
elaborate set of beliefs that can support the criterion of matching rainfall expectations 
under diverse circumstances of choice. For instance, the above-mentioned hierarchy 
of adaptation decisions implies that farmers have beliefs/expectations about rainfall 
seasons, intra-seasonal rainfall events and local indicators for updating expectations. 
Secondly, it assumes that farmers have knowledge on other technical parameters 
required for matching in addition to rainfall expectations. Both these implicit 
conditions appear to be realistic. Observations suggest that farmers have sufficiently 
elaborate beliefs and the necessary technical knowhow to make decisions by 
matching expectations. Empirical evidence on such beliefs and knowhow in the case 
of village tank farmers are discussed in Chapter 6.  
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Conceptually, the choice criterion of matching rainfall expectations is placed in 
between the axiomatic rational choice criteria used by formal theories and the criteria 
involving heuristics proposed by behavioural economics experiments. The criterion 
is like a heuristic, as it attempts to emulate a mental short-cut to ensure the high 
probability of desired outcomes from farmers’ choice, supposedly accepting the 
premise of the cognitive limitations of decision-makers. However, it does not 
represent a heuristic confirmed by experimental evidence. It is proposed here entirely 
as a theoretical device to consolidate certain empirical observations and evidence 
from literature. The only test of proof sought for the concept in this study is how well 
it explains empirical observations. It does not confirm the existence of matching 
rainfall expectations as an actual choice criterion. Experimental evidence may be 
required to prove this, which is beyond the objectives of this study.  
  
3.5 Household Variation in Adaptation Decisions 
 
The conceptual framework attempts to explain farmers’ adaptation decisions as risky 
choices guided by shared beliefs on rainfall expectations updated continuously using 
local indicators. It is logical to expect that shared beliefs would strengthen the 
conditions of uniformity rather than variations in choices among farmers. Within the 
broad uniformity imposed by shared beliefs, however, ample evidence on variation in 
household adaptation choices can also be observed. For instance, every farmer does 
not pursue all prospects of adaptation, and within the respective prospects, activities 
taken up by individual farmers may vary even in the same village. Moreover, 
substantial variation may be observed in the timing and other operational 
arrangements among farmers even in the case of the same activity. Such variations 
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indicate that, despite the common influence of shared beliefs on subjective 
expectations, there are also other factors that affect farmers’ decisions and give rise 
to individual differences in adaptation choices. 
 
The third research question explores the factors that could give rise to such variations. 
In the previous chapter, a review of formal theories and behavioural studies 
identified subjective decision parameters such as individual risk attitudes and 
perceptions of risk could lead to individual variations in risky choices.  Climate 
adaptation literature highlighted broad factors such as adaptive capacity, 
vulnerability and external interventions as potential sources of variation in adaptation 
responses.  A number of empirical studies have reported several determinants of 
farmers’ adaptation.  Despite the notion of individual variation associated with such 
parameters, factors and determinants, a wide conceptual gap arises when connecting 
the insights from these diverse sources into a conceptual framework that examines 
adaptation decisions as a risky choice.    
 
The main conceptual issue that arises is; what parameter (dependent variable) really 
is affected by these factors?  As discussed in section 2.3.3.4, this conceptual gap has 
compelled some researchers to use an arbitrary selection of adaptive actions to 
represent dependent variables in empirical models (Gbetibouo 2007; Hassan and 
Nhemachena 2008) or to explain variations in farmers’ responses in terms of 
circumstantial factors.   Rather than taking such individual variations as ad hoc 
outcomes of circumstantial factors, more generalisable knowledge on farmers’ 
adaptation behaviour can be expected if such variations can meaningfully be 
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associated with one or more household parameter(s) that represent household 
propensity to make adaptive responses.  
 
3.5.1 Household Adaptivity 
 
In this section, the concept of ‘household adaptivity’ is introduced to examine the 
individual variations of adaptation choices among farmers. Household adaptivity is 
defined here as an overarching propensity of a household to make adaptation 
responses subject to common beliefs of rainfall expectations shared by all. The 
variations subject to common beliefs is emphasized given the possible moderating 
effect of beliefs, especially on subjective parameters such as expectations.  It is 
assumed that households vary in terms of their level of adaptivity, a household-
specific parameter.  
 
The essence of the concept of household adaptivity is that it can be used as an index 
of household variations of adaptation choices.   It is defined as a measurable 
parameter in terms of the overall outcome of household adaptation decisions within 
the scope of choice covered by adaptation prospects, activities and operational 
arrangements. ‘More adaptive’ households are presumed to pursue a diverse profile 
of adaptation prospects at a higher scale of operation with a greater intensity of asset 
use than ‘less adaptive’ households. Such a positive conceptualisation may seem 
intuitive but has definite conceptual advantages in terms of measurability. It 
identifies three dimensions of adaptivity11:  
 
                                                             
11 The household adaptivity is defined here as a concept open for further modification, considering the 
possibility for identification of more dimensions other than the above.   In this study, only these three 
dimensions will be examined. 
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x the diversity of prospects,  
x scale of operation and  
x intensity of asset use  
 
These dimensions of household adaptivity are measurable using appropriate scales of 
measurement.  Consequently, individual variations in adaptation choices are 
represented by household adaptivity, which is determined by a selection of personal, 
household, community as well as other external factors (e.g. government  
intervention).  
 
The concept of household adaptivity has conceptual and empirical advantages with 
important policy implications. In a situation where farmers’ rainfall expectations are 
influenced by commonly held beliefs, the household adaptivity is assumed to vary by 
factors other than individual variations in subjective expectations. This offers the 
opportunity to bring in an objective selection of variables identified from a diverse 
range of conceptual backgrounds into the analysis.  For an exploratory area of 
knowledge with limited understanding, this provides the opportunity for absorbing 
from a variety of conceptual frameworks while serving as a conceptual anchor for 
avoiding the pitfall of spurious relationships that could be resulted from an 
exploratory path of pure empirical analysis.  
 
From an empirical point of view, the most desired property of any parameter that 
measures individual variations is how well it represents the actual variations among 
farmers. As explained in the previous section, the scope covered by adaptation 
decisions includes a variety of adjustments that range from short- to long-term 
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adjustments.  It usually includes many short-term adjustments taken in response to 
stochastic variations of rainfall and other factors that are applicable for a given 
season only. Hence, variations identified based on one or a few selected adaptations 
in an arbitrary manner may not be representative of the actual situation regarding 
variation in adaptation choices and could lead to flawed conclusions.  A basic feature 
of the concept of household adaptivity is that it is defined over the overall outcome 
of adaptation choices rather than on one or few arbitrarily selected adaptive actions.   
A measure of variation based on overall scope of choices is certainly more 
representative of the actual variation found among farmers.  
 
The concept of adaptivity as defined above is open to flexible interpretations and 
innovations of measurement. The specific ways of measuring this concept are 
discussed in Chapter 5. Given the fact that the concept of household adaptivity has 
some resemblance to the more established concept of adaptive capacity, a further 
clarification would be useful here. The household adaptivity is defined and measured 
on ‘actual’ outcome of adaptation responses rather than potential capacity to 
response.  Hence it is a positive behavioural parameter of households.  In contrast, 
the concept of adaptive capacity focusses on the potential or ability for adaptation 
rather than on the actual behaviour.  In that sense the adaptive capacity defines the 
space within which adaptation decisions are feasible and whether or not they bring 
about adaptive responses would depend on a range of uncertain variables (Vincent 
2007). Hence, as a tool for analysing individual variations in adaptation behaviour, 
the concept of adaptive capacity has certain limitations. Consequently, more often it 
has been used as a normative policy parameter rather than a positive behavioural 
parameter. Further, its popularity among livelihood researchers has led to an 
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emphasis on the community and other supra-individual perspectives associated than 
its interpretations at the household level.  
 
In the light of this situation, the household adaptivity can be considered as a 
behavioural outcome resulted by interaction between the adaptive capacity of 
household and a range of other variables.  Without the interference of those ‘other 
factors’ there is no guarantee whether adaptive capacity would be transformed into 
actual responses of adaptation.  It can safely presume that high level of adaptive 
capacity would generally lead to enhance the household adaptivity but not 
necessarily the other way around.  The essence of the analysis is what factors  
contribute to the household adaptivity that give rise to individual variations in 
adaptation choices. In the forthcoming section, few potential factors are identified  
and the adaptive capacity is one among them.  
 
3.5.2 Factors Affecting Household Adaptivity 
 
The level of adaptivity in a given household is presumed to be determined by a 
selection of household specific variables identified in a two-step process.  In the first 
step, a  few areas of interest were identified based on a  review of theory and 
literature. The aim of the first step is identification of broad factors that can be 
generalised to a wider group of farming communities in developing countries. It 
intended to develop a broad conceptual level understanding based on insight from 
formal theories, behavioural research and conceptual and empirical literature on 
adaptation. The rationale for selection of respective areas of interest for analysis was 
discussed in Chapter 2. 
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The second step involves the selection of specific variables coming under respective 
areas of interest.  In this step, conceptual understanding gained in the first step was 
used to identify a set of more specific variables which are directly applicable to 
village tank farmers.  Identification of variables to represent five areas of interest and 
theoretical expectations for these variables were discussed in Chapter 4.  
 
This section focuses on broad areas of interest (factors) that cover key variables 
responsible for variation in household adaptivity. A brief justification of these factors 
is given below: 
 
3.5.2.1 Risk Perceptions and Attitudes 
 
As discussed in Chapter 2, different risk attitudes (i.e., risk averse, risk loving, risk 
neutral) are the key parameters that determine individual variation in risky choices in 
conventional risk-decision models (i.e., EU models). The idea of risk perception 
extended this notion further to variations in perceiving circumstances as risky 
choices or not. While using the criteria of the subjective matching of rainfall 
expectations, individuals may differently perceive the riskiness of certain choices 
(e.g., prospects, activities) and may respond according to their risk preferences. 
Hence, variables representing risk perceptions can be identified as a source of 
individual variation of adaptation within the framework of this study.  
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3.5.2.2 Household Adaptive Capacity 
 
All kinds of adaptation prospects and activities open to farmers depend on the 
physical and human resource assets available to them. In addition, farming 
communities such as village tank farmers usually depend on household economic 
strategies that have farm and non-farm sources of income. The endowment of such 
assets and structure of household earnings determine households’ ability to make 
adaptive responses to a certain extent. These can be considered representative of a 
household’s adaptive capacity.  
 
3.5.2.3 Personal Experience 
 
Personal experience has been identified by some researchers as a major parameter 
that determines individual expectations of rainfall when making repeated decisions 
of adaptation choice (Hansen et al. 2004; Weber 1997). However, discussion in 
section 2.3.1.1 recognized the limitations of personal experience as a guide to 
adaptation decisions due to cognitive/memory limitations of farmers and ambiguity 
associated with rainfall variability and change. In spite of that the importance of 
experience in adaptation decisions cannot be overemphasized and it is reasonable to 
expect that experienced farmers are in a position to offer better adaptation responses 
than less experienced farmers. The concept of household adaptivity provides a 
logical way to incorporate it into the analysis within the conceptual framework 
proposed in this study. 
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3.5.2.4 External Interventions   
 
A few studies have identified that external interventions such as programs and 
policies implemented by the state/local agencies could enhance or reduce the 
household capacity to take adaptive actions (Dube and Sekhwela 2007; Hageback et 
al. 2005; Wehbe et al. 2006; Ziervogel et al. 2006).  If such interventions affect 
individual households selectively they could lead to individual variations in 
household adaptivity either positively or negatively.  Therefore external interventions 
can be considered as important factor that could affect household adaptivity.      
 
3.5.2.5 Other household factors  
 
Not only the economic factors such as assets and earnings, but also other non-
economic characteristics of households could be expected to affect the level of 
household adaptivity.  Such factors could affect the household adaptivity in indirect 
ways by creating opportunities or imposing constraints. Sometimes they could 
become critical factors giving rise to significant individual variations in household 
adaptivity. 
 
The present study tests hypotheses on the nature of the effect of the variables 
identified under the above areas of interest on household adaptivity. Hypotheses 
drawn on relationships between respective variables and household adaptivity are 
discussed in the next chapter. The hypotheses were tested using data from a 
household survey on adaptation choices by a sample of village tank farmers. Given 
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the fact that the data comprises observations on adaptation choices made during only 
one year, this can more appropriately be called short-term adaptivity. 
 
3.6 Climate Surprises and Random Shocks 
 
The fourth research question seeks to identify the factors leading to varied household 
outcomes of surprise climate shocks. The concept of NREs emphasises that farmers 
capture the inherent variability associated with rainfall through shared beliefs and 
incorporate it in their decision-making process. If not covered by NREs, many events 
of fluctuation would be captured through SREs updated with local indicators. As a 
result, many fluctuations can be anticipated by farmers’ rainfall expectations and 
only a rare event would surprise them. Based on this understanding, rainfall surprises 
(random shocks) can be defined as events that have not been anticipated by farmers’ 
expectations, neither NREs nor SREs.  
 
As a result, farmers cannot apply the criterion of matching rainfall expectation to 
respond to surprise rainfall events.  Logical thinking suggests that variations in 
individual outcomes could arise in three stages. They are:  
 
x Individual variation in detection of shocks 
x Level of individual exposure and other vulnerability factors  
x Individual variation in offering coping responses 
 
Together, factors influencing the above three stages would determine the sensitivity 
of households to surprise shocks. As far as detection of shocks are concerned, 
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without having the guidance of commonly held beliefs to figure out such events, 
farmers are left on their own to detect surprise shocks. Factors that are involved here 
are subjective in nature and review of behavioural research in section 2.3.4 identified 
two possible sources of such variations, level of surprise and alertness.  Besides 
individual variations in detection of shocks, it is logical to expect that individual 
level of exposure may have a significant impact over the sensitivity of households to 
such shocks.  Other vulnerability factors may lead to increase the susceptibility of 
households further.  Hence, exposure and other vulnerability related variables can be 
considered as important determinants of sensitivity to surprise shocks. Failure to 
anticipate by shared beliefs rule out pre-meditated responses in the case of surprise 
events.  Farmers have to orchestrate their coping responses either in the course of an 
event or after the event.  As a result, the outcome of a surprise event is also partly 
determined by coping responses.  Hence, In addition to subjective parameters, 
sensitivity of households to surprise rainfall shocks.  
 
3.6.1 Factors Affecting the Outcomes of Surprise Shocks  
 
The fourth research question examines the factors affecting the sensitivity to surprise 
rainfall shocks. As in the case of household adaptivity, selection of specific variables 
that lead to differential sensitivity to surprise shocks at the household level also 
involves a two-step process: identification of broad areas of interest (factors) and 
selection of specific variables coming under these broad factors applicable in the 
case of village tank farmers. Given the limited assistance offered for analysing 
climate surprises using the conceptual framework presented here, broad areas that are 
presumed to determine differential sensitivities to surprise events at the household 
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level were identified by exploring the literature. A review of literature in section 
2.3.4 helped to identify five major factors (areas of interest): level of surprise, 
individual alertness, vulnerability and exposure, coping capacity and experience.  
The following sections briefly review the nature of effect that these areas of interest 
(factors) that presumed to have on household outcomes due to rainfall shocks.  
 
3.6.1.1 Level of Surprise 
 
Surprise is a subjective phenomenon and not all farmers get identically surprised by 
an event.  As discussed in the section 2.3.4, there are levels of surprise and individual 
coping responses could be expected to vary accordingly.  The level of surprise is a 
subjective parameter that has to be identified relative to expectations. NREs are 
important here and particularly expectations about the fluctuation of rainfall.  
 
3.6.1.2 Information Alertness 
 
Different levels of alertness of individual farmers also contribute to the variation in 
household outcomes of surprise shocks.  Alert farmers may sense the impending 
shocks earlier and organize more effective responses than less alert farmers. 
Alertness may take different forms and information alertness is an important form of 
it.  
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3.6. 1.3 Vulnerability 
 
Vulnerability is a broad factor that encompasses many variables.  Among others, 
level of exposure to the shock appears to be critical in the case of surprise rainfall 
events. It is logical to assert that the outcome of a surprise shock is significantly 
determined by the exposure to the shock.  Impact of shock could be positively or 
negatively influenced by other variables that determine the level of exposure and 
coping capacity of households.  
 
3.6.1.4 Coping Capacity  
 
The household coping capacity to respond to surprise shocks can be considered 
another important factor that determines the outcome of a shock. Coping capacity is 
closely connected to the household adaptive capacity.  However, a greater emphasis 
is given to factors (variables) that help orchestrate a quick response to an 
unanticipated shock. Hence the variables considered here are different from the 
variables identified under adaptive capacity that are presumed to affect household 
adaptivity.  
 
 3.6.1.5 Experience 
 
As in the case of household adaptivity, it is logical to expect that experience may 
carry some weight in farmers’ responses to surprise shocks thereby determining the 
outcome. Experience may be helpful in detecting a shock as well as offering a coping 
response.   
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An analysis of how specific variables coming under these factors are affecting 
sensitivity to surprise rainfall shocks was carried out using primary data collected in 
a household survey of village tank farmers. Selection of specific variables for the 
analysis is discussed in Chapter 4.  Hypotheses were drawn on the possible effects of 
a selected set of variables that represent the above areas of interest on the household 
outcomes of the surprise rainfall shock in 2011. Specific hypotheses are discussed in 
Chapter 4, and the methods used to measure the sensitivity and test hypotheses are 
presented in Chapter 5.  
 
3.7 Chapter Summary 
 
The chapter proposed a conceptual framework to explain the adaptation behaviour of 
village tank farmers. The framework comprised three major components: the 
theoretical construct of belief-based expectations, decision criterion of subjective 
matching of rainfall expectations and the concept of household adaptivity. The first 
two components provided a decision mechanism to explain farmers’ adaptation 
choices at three hierarchical levels. The construct of belief-based expectations 
provided the necessary theoretical basis to answer the first research question, which 
examines whether farmers’ expectations represent the existence of a single domain of 
beliefs. The decision criterion of the subjective matching of rainfall expectations 
helps to explain how farmers’ shared beliefs guide their adaptation choices, the scope 
of the second research question. The idea of belief-based expectations emphasised 
the uniformity of choice rather than variation. However, even within the scope of 
choice supported by common beliefs, variations in adaptation can be observed 
among farmers. The concept of household adaptivity helps to explain and test 
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hypotheses regarding such variations, which deals with the third research question. 
Finally, the conceptual framework recognises surprise rainfall events as failures of 
expectations, thereby opening a path for understanding the outcomes of such events, 
which is the concern of the fourth research question. The propositions and 
hypotheses that were developed for each research question based on the conceptual 
framework presented in this chapter are discussed in Chapter 4 in detail.  
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Chapter 4: Propositions and Hypotheses  
 
 
This chapter presents propositions and hypotheses to test empirically the tentative 
explanations for the four research questions of the study, based on insights from the 
conceptual framework discussed in Chapter 3. 
 
Propositions and hypotheses are two closely interconnected concepts in research and 
scientific methodology.12 The usage of these terms in this study is briefly clarified 
because they often carry varied interpretations despite their philosophical roots. The 
term ‘proposition’ is used here for a broad statement about relationships between 
concepts. In contrast, ‘hypothesis’ refers to a more explicit statement about 
relationships that exist between distinctly identifiable variables. Hypotheses carry 
indications about the direction and causality of the relationships as well. Hence, 
propositions and hypotheses can be viewed as two types of tentative answers for 
research questions, which differ in their level of detail. 
 
In addition, propositions and hypotheses vary in terms of their level of testability. 
Relationships expressed as propositions are not easily tested by the straightforward 
application of statistical tools. They usually require a broad assortment of qualitative 
and quantitative information to verify them. They are formulated when available 
information does not allow for directly testable hypotheses. Accordingly, tentative 
answers for the second research question have been formulated as propositions rather 
than hypotheses. The main reason is that these propositions examine concepts  and 
relationships that cannot easily be measured and estimated using statistical tools in a 
                                                             
12  Extensive discussion of these two and other related concepts is available in the Stanford 
Encyclopaedia of Philosophy (online).  
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straightforward manner. Testing of these propositions requires corroborative 
evidence from a variety of sources.  
 
Hypotheses have been formulated to answer research questions that examine explicit 
relationships between variables that are testable using standard methods of statistical 
analysis. The first, third and fourth research questions come under this category. 
These research questions test whether rainfall expectations represent a single domain 
of beliefs and hypotheses on factors affecting household variations in adaptation and 
outcomes of surprise climatic events, respectively.  
 
This chapter is divided into four sections to present propositions and hypotheses 
relating to each research question. Each section begins with a brief discussion of how 
the insights from the conceptual framework can be applied to find answers for 
specific research questions. This is followed by specific propositions and/or 
hypotheses formulated for the research questions. 
 
4.1 Research Problem 1: Hypotheses 
 
Do farmers’ have shared beliefs that lead them to identify the general pattern of 
variability and long-term changes in rainfall and are these perceptions 
consistent with the patterns observed in local weather data? 
 
This research question has two parts:  whether farmers have shared beliefs and if so 
whether beliefs perceive the average pattern of variability and long-term changes 
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consistently. Recent advances in consensus analysis (CA)13 have provided a means to 
formally examine the first part of the question based on the level of agreement 
(consensus) in individual farmers’ NREs. A main advantage of CA is it avoids many 
measurability and identification problems associated with the study of beliefs. 
Therefore, the first part of the question was examined by performing CA test on 
NREs and perceptions of long-term changes separately.  
 
Whether Farmers have Shared Beliefs that Perceive Average Pattern of Variability 
of Local Rainfall  
 
Farmers’ have two interconnected forms of rainfall expectations, NREs and SREs. 
NREs are presumed to be a set of beliefs about local rainfall shared by all farmers. If 
so, NREs should represent a single domain of beliefs. Beliefs are unobservable 
subjective phenomena. However, if farmers’ rainfall expectations originate from a 
shared set of beliefs, they should demonstrate a sufficient level of consensus to 
indicate the existence of a single domain of beliefs; that is, they should fit into a 
consensus model. The following hypotheses were drawn to be tested by a CA model: 
 
Hypotheses 1.1 
 
H0 = Farmers’ do not have shared beliefs that capture the average pattern 
of variability of local rainfall (farmers’ normal rainfall expectations do 
not fit into a consensus model) 
 
                                                             
13 A description of CA is given in Section 5.3.1.1 
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H1 = Farmers’ have shared beliefs that capture the average pattern of 
variability of local rainfall (farmers’ normal rainfall expectations fit into 
a consensus model) 
 
Whether Farmers have Shared Perceptions of Long-term Changes in Local Rainfall  
 
Global climate change represents shifts in the mean state and variability of rainfall. 
Adaptation to climate change requires farmers to perceive these shifts. NREs, which 
are presumed to be a single domain of beliefs, can be considered a subjective parallel 
to the mean state and variability of rainfall. This implies that farmers modify NREs 
to reflect perceived shifts in rainfall. In other words, perceptions of climate change 
represent a modified domain of beliefs.  
 
However, testing the hypothesis whether NREs have been modified requires at least 
two time points of data, which cannot be done with cross sectional data collected in a 
survey.  Hence, farmers’ individual perceptions about supposedly long-term changes 
in rainfall in two major seasons were analysed to test whether a sufficient level of 
consensus exists in farmers perceptions.  If farmers’ perceptions are shared, they 
should demonstrate a sufficient level of consensus to indicate the existence of a 
single domain of beliefs. The following hypotheses were drawn to be tested by a CA: 
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Hypotheses 1.2 
 
H0 = Farmers’ do not have shared perceptions that reflect long-term 
changes in local rainfall (farmers’ perceptions of long-term changes in 
local rainfall do not fit into a consensus model) 
 
H1 = Farmers’ have shared perceptions that reflect long-term changes in 
local rainfall (farmers’ perceptions of long-term changes in local rainfall 
fit into a consensus model) 
 
If NREs/perceptions were found to represent a single domain of beliefs, the answer 
key of respective CA can be interpreted as an outline of shared beliefs/perceptions. 
In the second part of the first research question, consistency of beliefs was assessed 
by comparing answer keys of CA with trends indicated by local weather data.   
Average pattern of variability and long-term trends in local rainfall were identified 
through statistically analysing local weather data. 
 
4.2 Research Problem 2: Propositions 
 
How do farmers’ shared beliefs guide decisions on different time horizons and 
joint adaptation decisions? 
 
The adaptation decisions cover adjustments at three levels—prospect, activity and 
operational arrangements—which generally correspond with long-term, medium-
term and short-term horizons, respectively. Prospect-level adjustments are based on a 
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broad matching of a wide range of activities with beliefs/expectations on rainfall 
seasons. Decisions on prospect-level adaptations involve adjustment of the profile of 
prospects.  When chance for matching a range of activities with a recognized season 
of rainfall (rain-fed prospect) is low, farmers have to alter time and place availability 
of resources, which usually involve long-term structural adaptations. Such long-term 
structural adaptations may involve use of common and public ownership of assets, 
which usually need community participation and collective action.  Hence, long-term 
structural adaptations create conditions for joint adaptations that need to be 
facilitated by institutions.  The following proposition was made regarding prospect-
level adjustments. 
 
Proposition 2.1: In the long-term, under the common influence of shared beliefs, 
type of adaptation―whether individual or joint―is determined by the 
ownership rights to assets   
 
Each prospect consists of a portfolio of activities. Adaptation decisions at activity 
level involve adjustment of activity portfolios based on a two-step matching criterion. 
In the first step, activities are matched with rainfall expectations on the basis of the 
technical relationship between the water requirements of activities and rainfall 
availability. In the second step, activities that fulfil the technical criteria of matching 
are taken up on a priority order of prospective economic returns. Decisions on 
activity-level adjustments require more subtle matching of individual activities with 
expectations on the intra-seasonal distribution of rainfall. 
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Decisions on activity-level adaptations can be motivated by changes in technical 
conditions of matching (between activities and rainfall expectations), as well as 
relative changes in the value-gain potential of activities. Since the shared beliefs are 
relatively stable in the short- to medium-term, changes associated with technical 
conditions of matching that could motivate farmers’ adaptation responses are also 
relatively less frequent. Comparatively, relative changes in the value gains of 
activities take place more frequently due to rapid changes in socio-economic 
conditions. As a result, adjustments in activity portfolios are motivated more 
frequently by changes in supply and demand factors associated with respective 
activities, while remaining under the influence of stable beliefs on local rainfall. The 
following proposition was formed regarding the decisions on activity-level 
adaptations. 
 
Proposition 2.2: In the short- to medium-term, adjustments of activity portfolios 
are more often motivated by the changing conditions of demand-side and 
supply-side factors that alter relative value gain potential of activities.  
 
Each activity has a number of operational arrangements, which have to be carried out 
under short-term stochastic rainfall fluctuations that cannot be fully anticipated with 
NREs. As a result, decisions on adjustments in the operational arrangements of 
activities require more precise matching between these arrangements and rainfall 
expectations, and farmers have to update NREs based on the clues provided by local 
climate indicators. Seasonally updated expectations are SREs. Updating is 
undertaken individually by farmers. Due to differences in individual farmers’ 
confidence on local climate indicators and in observations on indicators, the 
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matching criteria based on SREs give rise to relatively high variation in operational 
arrangements among farmers. This is particularly observable in the timing of the 
arrangements. A selection of varieties offer farmers the opportunity to fine-tune the 
adjustments they have made in timing. Accordingly, the following proposition was 
made regarding the adaptation decisions at the level of operational arrangements.  
 
Proposition 2.3: Updating of expectations (NREs) by individual farmers through 
selective use of local indicators leads to variations in fine-tuning seasonal 
adjustments of operational arrangements of activities 
 
4.3 Research Problem 3: Hypotheses 
 
How do factors identified from different areas of interest lead to individual 
variations in adaptation choice despite the common influence of shared beliefs? 
 
Individual variations in adaptation are represented by the level of household 
adaptivity, a parameter measured based on overall outcome of adaptation choice in a 
given household.  As discussed in section 3.5.2, selection of specific variables that 
lead to individual variations in household adaptivity involves a two-step process: 
identification of broad areas of interest (factors) and selection of specific variables 
under these broad factors applicable to village tank farmers. Accordingly, a selection 
of interest areas was identified based on the literature review presented in section 
2.3.3. They include risk perceptions, experience, adaptive capacity, other household 
factors and external interventions. Each of them represents a broad factor that may 
have a number of aspects covered by one or more variables.  
151 
 
In this section, specific variables applicable to village tank farmers are identified  
under five broad areas of interest. Altogether, these variables represent an array of 
personal, household and local/community parameters presumed to affect the 
household adaptivity, either positively or negatively thereby contributing to the 
variations in household adaptivity. Specific hypotheses on the impact of variable(s) 
under respective broad factors on household adaptivity are listed below. 
 
Risk perceptions 
 
Despite the guidance of shared beliefs, variations could occur in individual 
adaptation choices subject to their risk perceptions, giving rise to variations in 
household adaptivity. In the present study, individual perception of risk of rainfall 
fluctuation was captured through risk ranking. Risk ranking is a measure used by 
researchers to assess perception of risks (Doss  et al. 2008; Fischhoff 1997). For 
instance, a person who perceives rainfall fluctuations as the priority risk would make 
more adaptive responses against rainfall uncertainty than a person who perceives 
damage by elephants as the major risk.  
 
H3.1: Farmers that rank rainfall fluctuations as the highest priority risk 
have a high level of adaptivity (+). 
 
Experience 
 
Under the common influence of shared beliefs, the differential personal experience 
of decision-making individuals could lead to variations in household adaptivity. 
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Individuals with better experience may use beliefs/knowledge to read conditions of 
rainfall uncertainty more competently and take more effective decisions than persons 
with less experience. Here, experience is viewed as a measure of individual 
competence in making use of beliefs despite common access to them.  Experience 
was represented by two variables: (1) interaction of number of years in farming and 
number years in schooling and (2) whether farmers have been elected, at least once, 
as office bearers of FOs (a proxy).  
 
H3.2: Farmers with more years of schooling and experience in farming 
have increased adaptivity (+). 
H3.3: Farmers who have been elected to hold office in FOs at least once 
(a proxy for experience) have a high level of adaptivity (+). 
 
Adaptive capacity 
 
Adaptive capacity of households was covered in the study by two parameters: 
household endowments and household earnings.   
 
Endowments: All adaptive actions are based on endowment of household assets. 
Therefore, it is logical to expect that household endowments are a critical factor that 
affect household adaptivity. Subject to the influence of other factors such as personal 
experience and risk perceptions/attitudes, it could also be expected that households 
with higher endowments would be more adaptive than households with lesser 
endowments.  Household endowments were represented in the study by three 
variables: total extent of lands allocated for seasonal farming activities, number of 
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labour force members available for full-time farming and ownership of agro-wells by 
location (i.e., upstream, midstream, downstream).    
 
H3.4: The ownership of more lands allocated for seasonal farming 
activities increases household adaptivity (+). 
H3.5: More labour force members available for farming activities 
increases household adaptivity (+). 
H3.6: The ownership of agro-wells increases household adaptivity 
subject to the location of households (i.e., upstream, midstream, 
downstream) (+). 
 
Earnings: Household earnings include both farm and non-farm earnings. Household 
earnings can be considered a complex factor with different dimensions (variables) 
with varied influence over household adaptivity. It is expected that households with 
high total earnings would be more adaptive than households with less total earnings. 
However, the composition of total earnings also matter. Non-farm sources include 
informal sector activities such as supply of casual labour to the local labour market 
and locally based self-employment, as well as formal occupations in the public and 
private sectors that restrict involvement in farming activities. Therefore, a higher 
share of farm earnings implies more engagements in farm-based activities and can be 
expected to contribute more to household adaptivity than formal-sector employment 
with limited engagements in the farm. Accordingly, household earnings were 
represented in the study by two variables: total gross earnings and share of farm 
earnings in total gross earnings.   
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H3.7: High total gross earnings of households increase household 
adaptivity (+). 
H3.8: A high share of farm earnings in the total gross earnings of 
households increases household adaptivity (+). 
 
Other Household Factors 
 
In addition to variables that contribute to household adaptive capacity, certain 
variables represent vulnerability of households to climate risks. These variables 
affect household adaptivity even when other factors such as asset endowments are 
favourable. Among others, it was observed in the study area that families with 
members in the higher age category have usually engaged in a limited profile of 
adaptation prospects at a lower scale of operation. The family age structure, 
determined by the age of the head of the household, determines the availability of 
labour for farm engagements. Usually in a family with a young head of the 
household and small children, farm labour supply is restricted to the family head and 
spouse compared to a family with a middle-aged head and grown-up children who 
contribute to farm activities. Conversely, in a household with an elderly head, where 
adult children have often left to build their own families, farm activities are usually 
left to elderly parents and any unmarried children.  Hence, households headed by 
elderly farmers have limited capacity to respond to rainfall fluctuations thereby 
decreasing the level of household adaptivity.  
  
H3.9 Farmers who are in the high age category have a low level of 
household adaptivity (-) 
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As far as climate uncertainty is concerned, location can be considered a critical factor 
that gives rise to individual variations in household adaptivity. It determines key 
physical parameters such as different access to water resources as well as factors 
leading to vulnerabilities. Researchers have represented location factor using 
different environmental parameters in large sample surveys across regions and 
countries (Bryan et al. 2009; Deressa et al. 2009; Di Falco et al.2010; Gbetibouo 
2009; Hassan and Nhemachena 2008; Maddison 2007; Yesuf et al. 2008).  Sample 
villages are located in a small area within the same agro-ecological division that can 
be considered more or less homogeneous in terms of local environmental parameters. 
However, village tanks are usually interconnected with surrounding tanks to form 
clusters (about the size of 3–15 tanks) known as cascades (Madduma Bandara 1985; 
Panabokke 1999; 2001). Scholars have suggested that cascade is a meaningful unit of 
analysis of village tanks as many system characteristics can be better explained at the 
cascade level (Panabokke et.al., 2002).   Hence, cascade can be considered the main 
location factor that could lead to significant variation in household adaptations in the 
villages covered in the sample.  
 
H3.10: The location of households in different village tank cascades has 
a significant effect on household adaptivity (direction not specified). 
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External interventions  
 
Certain households in the study area were affected by the government acquisition of 
‘chena’ 14  lands for the buffer zone of a nearby reserved forest. It has affected 
households only in certain villages closer to the forest reserve thereby selectively 
affecting farmers in the sample. Chena land is a major asset available for farmers in 
the study area to undertake seasonal farming activities, especially under rain-fed 
prospects.  It is a classic example for state interventions that could impair the 
adaptive capacity of farmers. Because of this intervention, affected households have 
been deprived of undertaking rain-fed activities causing a direct negative impact on 
household adaptivity.  
 
H3.11: Households affected by government acquisition of chena lands 
for the forest buffer zone have a low level of household adaptivity (-). 
 
4.4 Research Problem 4: Hypotheses  
 
What factors influence the sensitivity of households to surprise rainfall events 
when farmers’ beliefs fail? 
 
Even adaptation choices that have fulfilled conditions for a good match with rainfall 
expectations may be affected by surprise rainfall events that cannot be anticipated by 
farmers’ beliefs. In 2011, village tank farmers in the study area faced a surprise 
shock that caused significant damage to their Maha season activities. The shock was 
                                                             
14 ‘Chena’ is the anglicised word for the local term hena, which is widely used in the agriculture 
literature in Sri Lanka. 
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caused by unexpected heavy rains followed by flash floods in the latter part of the 
season when farmers were waiting to harvest their crops. Farmers made urgent 
damage-saving responses with variable levels of success. Observations suggest that 
despite the covariate nature of the shock, outcomes were household specific and 
damage was not uniform among farmers.  
 
This section identifies a selection of variables grouped under an array of broad 
factors (areas of interest) hypothesised to affect household sensitivity in the case of 
wetland paddy activity, one of the most severely affected activities.  It essentially 
deals with the second step of the variable selection process. The following variables 
were presumed to be responsible for the variation in household outcomes in paddy 
due to this surprise rainfall event.  
 
Level of Surprise 
 
In the case of surprise shocks, expectations about the level of rainfall fluctuation at 
the time of the shock may differ. It is logical to assert that farmers who expect high 
fluctuations for the period concerned may be less surprised than those who expect 
low fluctuations. The former would be more alert to shocks, which gives them a 
chance to respond to the event in a more effective manner. 
 
H4.1: Farmers that had expectations of high rainfall fluctuations for the 
period of the surprise rainfall event had reduced losses due to the event  
(-). 
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Information alertness 
 
Even under situations of low media coverage of weather events, extreme events that 
could create shocks are likely to have a certain level of media attention. However, 
accessing information from media sources is dependent on individual farmers. 
Farmers who regularly search for weather information from media sources are more 
likely to be in a position of advantage in a surprise event than those who do not. It 
could give them an edge in terms of alertness, which helps to minimise the damage 
from such events. Nevertheless, this is highly dependent on the effectiveness of 
communication and farmers’ confidence in the reliability of the information source. 
 
H4.2: Farmers that paid regular attention to weather coverage in media 
had reduced losses due to the surprise rainfall event (-). 
 
Experience 
 
Experience can be expected to contribute to household capacity to respond to 
surprise shocks in multiple ways, reducing the damage caused by the shocks. For 
example, experienced farmers would read the signs of an impending shock more 
quickly and may carry out more effective damage-saving responses than less-
experienced farmers. Experience is represented by the same variables used in the 
model on household adaptivity.  
 
H4.3: Farmers with more years of schooling and experience in farming 
had decreased losses due to the surprise rainfall event (-). 
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H4.4: Farmers who have been elected to office in FOs at least once (a 
proxy for experience) had reduced losses due to the surprise rainfall 
event (-) 
 
Vulnerability 
 
A broad factor of vulnerability is covered by four variables: level of exposure, time 
of exposure, age category and location.   
 
Exposure 
 
Exposure is one of the most critical variables that determine the vulnerability to 
surprise shocks. This involves two major dimensions in the case of cropping 
activities: level and time of exposure. In practice, the level of exposure is represented 
by the extent covered by the activity at the time of the shock, and it is expected that 
impact (damage, loss) is positively related to the extent of exposure. The effect of the 
time of exposure is not straightforward and depends on the sensitivity of the stage of 
activity at the time of exposure. The stage of activity is determined by the time of 
establishment (early, usual or late). Unlike the level of exposure, the effect of time is 
determined by chance. Therefore, it is not possible to predict the effect of time of 
exposure on outcomes that vary by individual events of shocks. 
 
H4.5: Exposure by the field extent of paddy at the time of the shock 
increased the losses due to the surprise rainfall event (+). 
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H4.6: The time factor of the exposure determined by the time of 
establishment (early, usual and late) significantly affected the losses due 
to the surprise rainfall shock (direction not specified). 
 
Age category 
 
Households with elderly members may find it difficult to respond quickly to a 
surprise shock compared with young and middle-aged persons unless assisted by 
others (e.g., adult children). Given the covariate nature of surprise events, such 
assistance may not be readily available during the time of shocks as all are affected 
simultaneously. As a result, households with elderly members may be more 
vulnerable, leading to a high incidence of losses. 
 
H4.7: Households headed by farmers who were in the young and high 
age categories had increased losses due to the surprise rainfall event (+) 
 
Location 
 
Location is an important factor in any kind of hazardous event. In a rainfall shock, 
location may determine the level of damage subject to parameters such as terrain, 
closeness to water courses and vulnerability to floods. In the case of village tank 
systems, the location of tanks in the cascade (upstream, midstream, downstream) has 
important implications for the impacts of rainfall shocks. For instance, upstream 
tanks get their supply of water only from rainfall and local runoff, whereas 
midstream and downstream tanks also get the surplus from tanks located above the 
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cascade. Even though this is an advantage in a normal year, in a rainfall shock, fields 
under midstream and downstream tanks are susceptible to inundation, while fields 
under upstream tanks are likely to be less affected by the shock. 
 
H4.8: Households located upstream of cascades had reduced losses due 
to the surprise rainfall event (-). 
 
Household Coping Capacity  
 
In small, family-run farms usually associated with rain-fed farming in developing 
countries, the household capacity to quickly respond to a shock is mainly determined 
by the availability of household labour. If labour can be quickly released for damage-
saving responses, the impacts of the shocks could be minimised. However, if 
household labour is occupied in formal-sector employment and cannot be quickly 
released, minimal or negative effects could be expected. Among other factors that 
determine the response capacity of households, cash earnings—preferably from non-
farm sources that are not susceptible to the shock—can be expected to help minimise 
damage. 
 
H4.9: The ratio of labour force members per unit land of exposure 
decreased the losses due to the surprise rainfall event (-). 
H4.10: The number of labour force members employed in formal 
employment increased the losses due to the surprise rainfall event (+). 
H4.11 Increased earnings from non-farm sources decreased the losses 
due to surprise the rainfall event (-). 
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4.5 Chapter Summary 
 
This chapter drafted propositions and hypotheses as tentative answers to the four 
research problems of the study based on the conceptual framework presented in 
Chapter 3. This included two hypotheses for the first question on farmers’ shared 
beliefs to be tested by CA, three propositions for the second problem to be examined 
with information from diverse sources on the role played by shared beliefs on 
farmers’ adaption decisions, and 11 hypotheses each for the third and fourth 
questions to be tested by regression analysis on factors affecting household 
adaptivity and the outcomes of surprise rainfall events, respectively. 
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Chapter 5: Methodology 
 
 
Chapter 4 presented the propositions and hypotheses of this study, which provide the 
basis for the empirical testing of insights gained from the conceptual framework. 
This chapter presents the methodology designed for these empirical tests. It begins 
with a brief overview of the methodology. A description of the study area, major 
sources of data and methods of data collection follow this. The final section 
describes the methods used for the data analysis. It elaborates on the use of different 
analytical tools to test specific propositions and hypotheses relating to the research 
questions. 
 
The study methodology focused on the empirical testing of propositions and 
hypotheses using primary data collected from a sample of village tank farmers who 
regularly face the risk of rainfall fluctuations. It included the following major steps: 
  
x Identification of a representative sample of village tank farmers for primary 
data collection 
x Collection of relevant data from the selected sample using survey and 
participatory  methods of data collection 
x Collection of required secondary data from relevant sources  
x Analysis of the data using quantitative and qualitative tools of analysis 
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5.1 Study Area 
 
The study was carried out in the Anuradhapura district of North Central Province. 
Anuradhapura is a major agricultural area in Sri Lanka, which has both rain-fed 
village tank systems as well as irrigated schemes. It is in the agro-climatic zone 
designated as Dry Zone Low Country (DL 1) (Figure 5.1).15 Village tank systems 
play an important role in the livelihoods of farmers in the district, which has the 
highest area covered by village tank systems in the country. A survey undertaken by 
the Agrarian Development Department recorded 2,334 inland water bodies in the 
district covering a total inland water area of 51,500 hectares. In addition, 
Anuradhapura has the highest number of agro-wells constructed during the last few 
decades (Panabokke 2008). Several studies on village tank systems have been carried 
out in the district. As a result, a significant amount of background information was 
available that was useful in understanding farmers’ adaptation choices. Hence, 
Anuradhapura was an ideal choice for the present study. Table 5.1 gives a 
comparative profile of the district.  
 
Table 5.1: A Profile of Water and Land Resources in Anuradhapura District 
Parameter Sri Lanka Anuradhapura District (%) 
Land area (km2) 65,610 7,179 (11%) 
Inland waters (km2)  2,905 515 (18%) 
Average annual rainfall (mm) 1861 1368 
Equivalent water volume (b m3) 120 9.6 (8%) 
Sources: Department of Census and Statistics (2007); Imbulana et al. (2006). 
 
 
 
 
 
                                                             
15 Agro-climatic zones are based on a criterion defined by average annual rainfall (mm) and elevation 
(MSL) of the location. 
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Figure 5.1: Agro-Ecological Map of Sri Lanka  
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5.2 Data Sources 
 
Both primary and secondary data were used in the study.  Primary data was gathered 
using survey and participatory methods of data collection.  In addition, secondary data 
on local rainfall and village tank systems was collected from two relevant state 
agencies: the Departments of Meteorology and Agrarian Development. Data from 
these sources was further supplemented by background information from previous 
studies conducted in the area.  
 
5.2.1 Primary Data 
 
The major source of primary data for the study was a household survey of selected 
villages in the study area. This primary data was supplemented by information 
collected from focus group discussions (FGDs) and expert interviews, which are 
participatory methods of data collection.  
 
5.2.1.1 Household Survey 
 
A household survey was conducted in selected villages, covering a sample of 181 farm 
households and using a structured interview schedule. The household sample for 
interviews was selected through a stratified random sampling process. The basic 
objective of the selection criteria was to draw a representative sample of village tank 
farmers. The criteria used for the selection of villages for primary data collection are 
described below. 
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Anuradhpura is a large district with numerous village tanks. Many village tanks are 
interconnected with surrounding tanks to form clusters (about the size of 3–15 tanks) 
known as cascades (Madduma Bandara 1985; Panabokke 1999; 2001).16 Therefore, 
drawing a manageable sample size for collecting primary data was a challenging task. 
This was achieved by making an extensive field visit in the area and consulting a 
number of informed people.  Based on information gathered in field visits, a 
preliminary list of villages for primary data collection was identified.  This was 
further short-listed after consulting key people with knowledge about the study area, 
including local officers at the grass-roots level and researchers who had conducted 
studies on village tank systems. The final selection of villages fell under three 
cascades: Tirappane, Mahakanumulla and Periyakulama (Table 5.2).  
 
In addition to the favourable opinion of consultants regarding these cascades, their 
selection offered some additional advantages. Firstly, they were located around the 
local weather station at Nachchaduwa, at roughly equal distances (within 10–15 km) 
from the station. This has an advantage in terms of the availability of rainfall data. 
Secondly, despite the remoteness of the study area in general, the three selected 
cascades were accessible by roads in reasonable condition, which was a beneficial 
factor given the resource and time limitations of the study. Finally, some background 
information was available on the selected cascades because they had been covered by 
a number of previous studies on village tank systems. 
 
The criteria used for the selection of villages from the three cascades are described 
below.  The selection process aimed: 
                                                             
16 Cascades are locally known as ellangawa.  
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x To capture the diverse conditions of water availability among village tanks, 
x To represent variation in household choices of adaptation in a given village 
tank area.  
 
The following strategy was adopted to capture the diverse conditions of water 
availability among village tanks. Village tanks in a given cascade have some level of 
diversity in terms of water availability in spite of their high dependency on local 
rainfall. The uppermost tanks of cascades depend entirely on local precipitation, 
whereas tanks below this level are also fed by surplus water from upstream tanks. 
Given that all selected villages are located within the same sub-division of agro-
climatic classification and in close proximity to each other, the position within 
cascades can be considered the main contributing factor for the diversity of water 
availability among different tanks, which has some implications for livelihood 
activities.  
 
Accordingly, each cascade was divided into three categories: upstream tanks, 
midstream tanks and downstream tanks. Upstream tanks depend solely on local 
precipitation for water supply, midstream tanks receive surplus from tanks above 
them and discharge the surplus to tanks below them, and downstream tanks are 
located in the lowermost position of each cascade. Usually, cascades have been 
named after the lowermost tanks that were the recipients of excess water from the 
sequence of several tanks located above them. These categories were identified as 
three strata in the sampling process, and one tank was selected to conduct a 
household survey from each stratum. Three tanks each were selected from three 
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cascades to represent upstream, midstream and downstream categories, respectively. 
Altogether, nine village tanks were selected from the three cascades (Table 5.2). 
 
Table 5.2: List of Primary Data Gathering Sites (Villages)  
Cascade System Village Tanks  
Tirappane Tirappane tank 
Meegassegama tank 
Bulankulama/Wendarankulama tanks 
Mahakanumulla Mahakanumulla tank 
Walagambahuwa tank 
Paindikulama tank 
Periyakulama Periyakulama tank 
Mawathawewa tank 
Padiketuwewa tank 
 
The next step was to draw a sample representative of the individual variation in 
adaptation at the household level through a process of randomisation. Lists of 
residents of selected villages were obtained from local officers, and respondent 
households were selected from these lists using them as a sampling frame. A random 
sample of households was selected from the list using a random number table. 
Twenty households were selected randomly from each village for interviews, and a 
total sample of 180 with 60 households each were targeted to represent three strata. 
However, considering the possibility of non-participation by selected households, 
five per cent more households were selected as a contingency measure. The final 
sample of actually surveyed households included 181 households (Table 5.3). 
  
Table 5.3: Composition of the Sample 
Strata  Cascade Tank  No. Households Households by 
Strata 
Upstream  Mahakanumulla  Paindikulama 20 61 
Tirappane Bulankulama 20 
Periyakulama Padiketuwewa 21 
Midstream Mahakanumulla  Walagambahuwa 22 60 
Tirappane Meegassegama 20 
Periyakulama Mawathawewa 18 
Downstream Mahakanumulla  Mahakanumulla  20 60 
Tirappane Tirappane 20 
Periyakulama Periyakulama 20 
Total  181 181 
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Once the sample selection was completed, researchers visited selected households 
and sought the consent of their heads to participate after explaining the purpose of 
the study. Their consent was taken in writing and interviews were usually conducted 
on the same visit. Heads of all sample households were interviewed at their premises. 
In a very few cases, researchers had to make a second visit on appointment when 
respondents were unable to take part in the interview on the first visit. Nearly almost 
all visited households granted their consent and participated in the interviews. Two 
households where researchers could not meet residents even after two repeated visits 
were replaced by others in the list. 
 
Interviews were conducted using a schedule of questions (Appendix 1) for which 
participants’ answers were reported. The content of the questionnaire was approved 
by the Human Ethics Advisory Group (HEAG) of Deakin University as complies 
with the National Statement on Ethical Conduct in Research Involving Humans 
(2007). The questionnaire was revised and adjusted through a process of pre-testing 
before conducting the survey. Pre-testing was done by randomly interviewing eight 
farmers from the same study area during the initial pre-visit made at the sample 
selection stage. Based on the feedback from these interviews, the content of the 
questionnaire was slightly revised to enhance the focus, practical relevance and 
convenience of answering of questions. 
 
Overall, the survey focused on eliciting information on household adaptation choices 
in response to farmers’ expectations/perceptions about local rainfall variability. The 
majority of questions were designed to be close ended; only a few were open-ended 
questions. Many were readily answerable questions using farmers’ personal 
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experience. A few questions required recalling of their past activities. As farmers in 
many developing countries do not keep farm records, information on past activities 
had to be acquired through the interviews. The questionnaire addressed: 
 
x Personal/household information 
x Farm assets and livelihood activities 
x Beliefs and expectations about local rainfall 
x Perceptions about long-term changes in rainfall  
x Adaptation responses of major activities 
x Sources of climate information 
x Community involvement and joint adaptations 
 
Data gathered from the household survey was essentially cross-sectional. In addition, 
the household survey also had its limitations when examining phenomena such as 
shared beliefs and local climate indicators. Therefore, data from the survey was 
supplemented by collecting information using participatory methods. The main 
participatory data-gathering tool used in the study was FGDs.  
 
5.2.1.2 Focus Group Discussions  
 
Three FGDs were conducted with the participation of groups of 10 to 12 farmers 
representing all villages of a given cascade. Discussions were conducted using a 
semi-structured focus guide and usually lasted for about 90 to 120 minutes. 
Participants were identified during the field visits and household interview sessions 
based on researchers’ assessment of the experience/knowledge of individual farmers. 
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Groups were selected to represent different levels of experience/knowledge, ranging 
from young farmers with a few years of experience to mature-age farmers with 
several years of experience. The following aspects relating to farmers’ adaptation 
decisions were discussed: 
 
x Local beliefs about rainfall variability 
x Local climate indicators and farmers’ use of them 
x Farmers’ assessment of the water requirements of major cropping activities 
and sensitivity/tolerance to rainfall fluctuations  
x The overall organisation and adjustments of livelihood activities with regard 
to the variability of local rainfall  
x Farmers’ past experience on adaptation 
x Farmers’ perceptions of long-term changes in rainfall 
x Formal and informal institutional arrangements of joint adaptations 
 
The FGDs helped to identify local beliefs that give rise to farmers’ rainfall 
expectations through a participatory process. Farmers also assessed the water 
requirements of major cropping activities and the sensitivity/tolerance of the 
activities to rainfall fluctuations. The FGDs helped to identify the number of local 
climate indicators used by farmers on different occasions. Another important aspect 
discussed was the formal and informal arrangements involved in joint adaptation 
decisions, with a focus on joint adaptations involving paddy cultivation. Overall, the 
FGDs shed useful insights on the organisation of livelihood activities as a system 
responsive to local rainfall variability and the specific adjustments farmers make 
under events of fluctuation.  
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5.2.1.3 Expert Interviews 
 
Three interviews were conducted with recognised experts on village tank systems 
with long-term experience on the subject areas of agro-climatology, soil and water 
management and small irrigation management. The basic purpose of the interviews 
was to gain an idea on the current scientific understanding of the physical aspects 
involved in village tank farmers’ adaptation decisions. Although they did not serve 
any primary data collection purpose, the insights gained helped to supplement and 
clarify information gathered in the FGDs and the household survey. It further helped 
to gain access to certain secondary data sources and literature on village tanks. 
 
5.2.2 Secondary Data 
 
Three major sources of secondary data were gathered in the study: (a) local weather 
station data (b) data on village tank systems in the area and (c) information from 
previous village tank studies. Only the local weather station data was subjected to 
further analysis in the study; the other data was mainly used as supportive evidence 
and background information. Sources are cited wherever they are used in this thesis. 
 
5.2.2.1 Rainfall Data 
 
Rainfall data recorded at the Nachchaduwa weather station was collected from the 
Department of Meteorology. Selected villages from the three cascades were located 
around 10 to 15 km from the Nachchaduwa weather station. The villages and the 
weather station were located in the same sub-category of agro-climatic classification 
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(DL1a). The FGD participants and the local officers consulted in the study agreed 
that rainfall conditions in the weather station area is closely representative of the 
conditions in the selected villages. 
 
Rainfall data recorded at the Nachchaduwa weather station includes data on two 
parameters: monthly rainfall and number of rainy days per month. Monthly records 
were available since 1906 for a total of 106 years up to 2011. In addition, daily 
rainfall was collected for January 2010 to June 2011, which includes the complete 
cultivation year covered in the household survey and the surprise rainfall event that 
occurred in early 2011.  
 
5.2.2.2 Village Tank Data 
 
The available physical and technical data on the selected villages and cascade 
systems was collected from the Agrarian Development Department, which has the 
official mandate over the village tank systems and recently developed a database 
covering all the districts of the country. This includes records on a number of tank 
parameters for over 12,000 village tanks in the country. The database was organised 
in the order of Divisional Officer (DO) areas, the local service unit of the department 
throughout the country. The selected villages come under three DO areas: Tirappane, 
Ipalogama and Sivalakulama. Data on village tanks listed under these DO areas was 
extracted from the database but was used only as supporting evidence and not 
subjected to further analysis.  
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 5.2.2.3 Information from Previous Studies 
 
Information was collected from previous studies on the following areas of interest: 
 
x Physical and socio-economic aspects of village tank systems 
x Climatic conditions and farming systems in the dry zone 
x Hydrological features and water resource management in the dry zone  
x Institutional arrangements of village tank systems 
 
This included research published in peer-reviewed journals and reports and other 
documents published by various organisations. Information from these sources was 
used only as supporting evidence.  
 
5.3 Methods of Analysis 
 
Information gathered from primary and secondary sources was analysed to test the 
propositions and hypotheses presented in Chapter 4. This section describes the 
analytical methods used for the task. Both qualitative and quantitative methods were 
used to analyse the data collected from the above sources. Data collected from the 
household survey was tabulated into a spread-sheet application. It created a cross-
sectional dataset with a record for each household (row entries) described by several 
variables (column entries), which was analysed using statistical software. The 
qualitative analysis of data from the FGDs has provided essential background 
information for all the research problems and vital supportive evidence to test and 
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verify propositions relating to the second research question.  Details of analytical 
methods used for each research question are discussed in the following sections 
 
5.3.1 Method of Analysis: First Research Question  
 
The first research question examined whether farmers expectations/perceptions of 
rainfall variability/change imply the existence of shared beliefs and if so, are they 
consistent with trends indicated by local data. It essentially has two parts. Therefore, 
analysis also involved two steps: 
 
x Testing the existence of shared beliefs: This was done by conducting CA to 
test whether rainfall expectations/perceptions represent a single domain of 
beliefs shared by all farmers. 
x Assessing the consistency of beliefs: This was achieved through comparing 
the beliefs inferred in CA (answer keys) with trends indicated by descriptive 
statistical analysis of local weather data  
 
CA played a central role in analysis of the first research question.  It provided a 
straightforward tool to analyse farmers’ expectations on rainfall (NREs). CA offers a 
set of procedures and diagnostics to test whether a single consensus exists for a given 
domain based on responses by all respondents to a set of identical questions. If the 
data fits well with the consensus model confirming the existence of shared 
beliefs/knowledge underlying individual responses, CA provides inferences about the 
shared beliefs/knowledge in the form of an answer key to the questions. It also helps 
to assess the individual knowledge/competence about shared beliefs/knowledge in 
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respondents’ answers as a set of individual competence/ knowledge scores. Hence, 
CA provided a fitting tool for analysing and testing the propositions/hypotheses for 
the first research question, which sought to find whether individual rainfall 
expectations were a manifestation of a set of beliefs agreed upon and shared by 
community members.  A detailed review of the method is given below. 
 
5.3.1.1 Consensus Analysis 
 
CA was originally proposed by Romney et al. (1986) as both a theory and an 
empirical tool for cultural domain analysis (CDA) in cultural anthropology. However, 
the abstract, formal structure of the model has appealed to researchers from many 
areas other than CDA, mainly as an empirical tool. As a result, CA has been used in 
many fields to analyse a variety of ‘domains of meaning and behaviour’ other than 
culture, such as public health perceptions (Hruschka et al. 2008; Moor et al. 1997; 
Weller and Baer 2001), knowledge differences among groups (Boster and Johnson 
1989), organisations and knowledge (Borgatti and Carboni 2007; Cualkins and Hyatt 
1999), perceptions on pollution/food safety (Johnson and Griffith 1996) and 
environmental/ecological knowledge (Kempton et al. 1995; Miller et al. 2004).  
 
CA views beliefs and knowledge as a product of consensus or agreement. For a given 
‘domain of meaning and behaviour’, data gathered from individual respondents can 
be expected to reflect three conditions (Handwerker and Borgatti 1998): 
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Random variation around a single consensus. This implies that respondents 
share a belief/knowledge without having significant sub-population 
differences regarding the domain. Such consensus may be weak or strong. 
Existence of sub-population differences around a single consensus about the 
domain or some aspect of it. This implies the existence of boundaries or 
different sets of meanings within a population and the presence of significant 
sub-population variability. One widely discussed topic is the existence of sub-
cultural variations in a population belonging to a culture that uses one social 
identity. 
No consensus about the domain or some aspect of it. This implies that no 
meaningful consensus exists among the respondents regarding the domain 
concerned and a widespread disagreement prevails in the population. 
 
The formal CA model is built upon three underlying assumptions: 
 
x Common truth: There is a single right answer to every question. 
x Local independence: Respondents’ answers to questions are independent of 
each other. This implies that respondents are not cheating and answers to one 
question do not affect  answers to others. 
x Homogeneity of items: As questions are drawn out randomly from one 
domain of knowledge, there are no mixed questions about different domains 
(e.g. tennis and anthropology). 
 
These assumptions imply that if individuals share a common truth and responded to 
questions independently and if their level of knowledge is constant for all the 
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questions, the agreement between any pair of individuals is the product of their 
knowledge levels (Johnson and Griffith 1996). In practice, these assumptions require 
that all respondents are positively correlated with each other over the domain 
concerned or items of it and that they respond to the questions with a common 
understanding (Romney et al. 1987). However, they do not imply that respondents’ 
answers would be identical, hence allowing for variations due to differences in 
knowledge, confusions about questions, random mistakes and so on. According to 
Romney et al. (1987), the model signals when assumptions do not hold and does not 
apply for data indicating a poor fit, which suggests that respondents do not share 
common knowledge or the data does not deal with a unitary domain. Nonetheless, 
the model seems to be robust under a modest violation of assumptions (Romney et al. 
1987). If these assumptions are met, an actual answer key is not required to test 
individual knowledge about the domain.  
 
Based on the above assumptions, CA uses the following procedure for testing 
whether a set of responses fits into a consensus model: 
 
x Calculation of respondent-by-respondent agreement (matching score) matrix 
x A factor analysis to agreement matrix in order to test whether the data 
indicates the existence of a consensus (shared beliefs/knowledge) about the 
domain and to calculate individual competence/knowledge scores 
x Application of Bayesian statistical tools to estimate a common answer key 
(inference of shared beliefs/knowledge) 
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Test statistics for checking the consensus and the competence scores are obtained by 
performing a factor analysis upon the matching score matrix. As the main diagonal 
of the matrix is of no interest, a minimum residual factor analysis is used here 
(Abfalg and Erdfelder 2012; Batchelder and Romney 1988). Batchelder and Romney 
(1988) have shown that factor loadings of the first factor provide the competence 
scores of individual respondents. 
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Figure 5.2: Estimation Procedure of CA  
 
 
 
Chance-adjusted respondent-
by-respondent agreement 
matrix 
Individual 
Competence/ 
knowledge 
Answer 
Key  
F
A 
B
S
M 
181 
 
Data from a wide range of domains can be fitted into CA. The main condition to be 
fulfilled is that all respondents answer the same questions. Questions should be 
designed to elicit the essential information about the domain concerned. Answers can 
take the forms of true/false (1/0), multiple choice or ordinal/interval values. Usually, 
data is derived from interviews, but studies on different types of domain, especially 
cultural domain studies, have reported using data from a variety of collection 
methods such as structured observations, as well as interview formats such as pile 
sorts, triad tests, sentence frames and rating scales (Handwerker and Borgatti 1998). 
 
The major outputs of CA include: 
 
Test outcome of whether data fits the consensus model based on the Eigen 
values of factor analysis. This is determined by the ratio of the largest Eigen 
value to the next (first to second latent root) in a minimal residual factor 
analysis. The general condition is that the ratio should be relatively large (at 
least three times larger) with no negative scores on the first factor. If the ratio 
exceeds three (>3), it is interpreted as a consensus; that is, respondents draw 
from a single answer key and have shared beliefs/knowledge regarding the 
domain concerned. Statistically, this implies that a large proportion of 
individual variation is explained by a single factor, which constitutes 
evidence for the existence of a single answer key around which all variations 
in responses are arranged (Handwerker and Borgatti 1998).  
Competence/knowledge scores based on factor loadings. Competence scores 
are factor loadings that provide a measure of how much respondents know 
about the domain. Statistically, it is determined by the correlation between the 
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responses of individual respondents and the first factor and the average level 
of agreement among all members (Handwerker and Borgatti 1998). Variation 
in competence scores represents the relative knowledge/awareness of 
individuals about the shared beliefs. Analysis of the scores can provide clues 
about the existence of sub-population differences within the domain 
concerned and of alternative or opposing agreements about the domain or 
some domain items.  
Answer key. The answer key provides an inference (estimation) of shared 
beliefs/ knowledge of respondents in the form of ‘correct’ answers to the 
questions. It infers the existence of a coherent but otherwise unobserved 
agreement about a domain or some aspect of it (Handwerker and Borgatti 
1998). It is derived by applying Bayesian analytical tools on the responses of 
respondents. Romney et al. (1987) suggest that CA does not impose any 
conditions about what is a proper answer and is neutral about the context and 
structure of the domain under study.  
 
A literature review provides diagnostic tools used by researchers for assessing the 
outcomes of CA. The analysis of competence scores (factor loadings) provides 
certain critical diagnostic information. For instance, low factor loadings are 
indicative of the existence of significant sub-population differences in meaning for 
the domain concerned (Handwerker and Borgatti 1998). Generally, scores above 0.5 
(>0.5) and below 0.5 (<0.5) can be considered high factor and low factor loadings, 
respectively. Similarly, negative factor loadings suggest the possible presence of two 
or more systematically different sets of meaning within the population. A large 
number of negative and low factor loadings suggests the need to disaggregate data 
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and perhaps examine the sources of differences among respondents in the field 
(Handwerker and Borgatti 1998). Hruschka et al. (2008) discuss the possibility and 
importance of the existence of multiple models that vary gradually but systematically, 
from which individuals draw. According to them, clues to determine the existence of 
multiple models can be provided by diagnostic information from CA and by 
checking the similarities among priory groupings (e.g., geological, cultural, socio-
economic) and informal inferences based on patterns of sharing. 
  
5.3.1.2 Application of CA to Test the Existence of Shared Beliefs/Perceptions 
 
A CA was performed using specific questions designed to elicit farmers’ rainfall 
expectations and perceptions about long-term changes in climate (rainfall). Three 
aspects of farmers’ expectations about rainfall were covered in the CA: amount of 
monthly rainfall, number of rainy days per month and level of rainfall fluctuation by 
month. They cover three important parameters of NREs that are concerned with 
determining the outcomes of adaptation choices. Each aspect was covered by 12 
questions: 
 
Amount of monthly rainfall. Farmers’ expectations about the rainfall amount 
for each calendar month were elicited. Respondents were asked to rank their 
normal expectations about the rainfall amount for each month on a 1–5 scale 
of increasing order of rainfall (Highest=5). Responses to the 12 questions 
(one each per month) from all respondents were tested using CA.  
Number of rainy days per month. Responses were recorded for farmers’ 
normal expectations about the number of rainy days for each month. 
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Responses included numerical values from 0 to 31. These 12 questions were 
subjected to CA separately. 
Expected level of fluctuation (variability) of rainfall in each month: 
Respondents had to choose whether their expected level of rainfall fluctuation 
for a given month was high or low. Accordingly, farmers were asked to 
identify whether chances for rainfall fluctuation from the amount they 
expected (scale of 1 to 5) for a given month are low or high and if high, what 
outcome is most likely. There were three outcomes from which they had to 
choose: (a) decrease in rainfall, (b) increase in rainfall or (c) outcome 
unpredictable. Responses to this question indicate the level of confidence 
they placed on rankings they assigned to the expected amount of rainfall in 
each month. These 12 questions were also analysed separately using CA.  
 
Thus, the elicitation of individual farmers’ rainfall expectations was designed to be 
readily fitted into a consensus model.  When asking about farmers’ expectations on 
these aspects, it was stressed that the matter of interest was not their expectations for 
the forthcoming year but the normal expectations (NREs) for respective months.  
 
In addition to farmers’ NREs, the survey also asked about farmers’ perceptions about 
long-term changes in seasonal rainfall events (changes in rainfall amount, number of 
rainy days and onset of rains) of two recognised seasons (Maha and Yala). Each 
farmer was asked seven questions about their perceptions of long-term changes in 
local rainfall. Taking from the idea of normal expectations emphasised in the 
questions about monthly rainfall, farmers were first asked whether they recognise 
any variations in local rainfall that can be considered permanent or long term in 
185 
 
nature other than the year-by-year fluctuations usually expected in the familiar 
pattern of variability. Upon their response (yes/no) to this initial question, 
perceptions about the nature of changes were gleaned through six additional 
questions. Based on the feedback received in the pre-test, these questions focused on 
two broad seasons of the local agricultural calendar rather than 12 months of the year, 
as identification of changes at monthly intervals may be too elusive for farmers. The 
following aspects were covered by the questions: 
 
x Change in amount of rainfall. Respondents selected from four choices: 
1=rainfall has increased, 2=rainfall has decreased, 3=uncertain, 4=no change. 
x Change in number of rainy days: The choice set of respondents included: 
1=number of rainy days has increased, 2=number of rainy days has 
decreased, 3=uncertain, 4=no change. 
x Onset (time) of rain: The set of choices available to farmers were: 1=rain 
comes early, 2=rain comes late, 3=time of rain has become unpredictable and 
4=no change. 
 
Each of these questions was asked with respect to two agricultural seasons (Maha 
and Yala), making the total number of questions six. A CA of respondents’ answers 
was used to test whether farmers have any shared beliefs/perceptions about long-term 
changes in local rainfall. 
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Analysis was carried out using the software UCINET,17 which has pre-designed 
routines for CA with the options for questions with answer choices of true/false (1/0), 
multiple choice and ordinal/interval responses. A CA of farmers’ expectations of the 
amount of monthly rainfall and number of rainy days per month was performed using 
the option for ordinal/interval responses, whereas responses regarding expectations 
of the variability of monthly rainfall was analysed under the multiple-choice category. 
Responses regarding the perceptions of long-term changes in rainfall were analysed 
as a multiple-choice category. UCINET provides the following outputs: 
 
x An agreement matrix among respondents 
x Results of the Eigen-value test to confirm whether consensus exists or not  
x Competence scores for individual respondents 
x An answer key  
 
5.3.1.3 Assessing the Consistency of Shared Beliefs 
 
The second step of the analysis involved assessing the consistency of shared 
beliefs/perceptions with reference to trends indicated by local weather data. If CA 
has confirmed the existence of a shared domain of beliefs for a given set of 
expectations/perceptions, the answer key of CA provides an inference of the beliefs. 
Inferences are given in a numerical format that can be considered a quantitative 
outline of beliefs. Theses outlines of beliefs/perceptions were assessed for their 
consistency by comparing with trends indicated by descriptive statistical analysis of    
local weather data. Rainfall data was obtained from the Department of Meteorology 
                                                             
17 Borgatti, S.P., Everett, M.G. and Freeman, L.C. 2002. Ucinet for Windows: Software for Social 
Network Analysis. Harvard, MA: Analytic Technologies. 
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as a digitally tabulated dataset in a spread-sheet application. The dataset included two 
rainfall parameters given as time series data for the 1906–2011 period: monthly 
rainfall and the number of rainy days per month in the study area.  
 
The basic aims of the rainfall data analysis included (a) comparatively assessing 
farmers’ subjective rainfall expectations (NREs) against objective local rainfall 
measurements and (b) making a gross evaluation of their claims about the average 
pattern of variability and long-term changes in local rainfall. Accordingly, rainfall 
data was analysed to identify an average annual rainfall pattern for the 1951–2010 
period to assess the farmers’ NREs based on shared local beliefs. The average annual 
pattern was described by using five descriptive statistics computed for monthly 
rainfall and number of rainy days per month: mean, minimum, maximum, standard 
deviation and coefficient of variation (CV). This pattern was used to comparatively 
evaluate farmers’ NREs and shared local beliefs on rainfall variability.  
 
Farmers’ claims about the perception of long-term changes in rainfall were evaluated 
against the changes identified in the average annual pattern of rainfall over three 
different intervals: 1981–2010, 1951–1980 and 1906–1950. This was done by 
examining whether descriptive statistics computed for these three consecutive 
periods indicated any progressive changes in rainfall patterns for them. 
 
5.3.2 Method of Analysis: Second Research Question  
 
The second research question examined how shared beliefs guide adaptation 
decisions on different time horizons and joint adaptation decisions. This is a broad 
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research question and tentative answers for this question were drafted in the form of 
propositions rather than hypotheses.   
 
Given the broad scope covered by these propositions, analysis drew from all major 
sources of data of the study. Cross-section data gathered in the household survey on 
farmers’ livelihood choices during a complete annual cycle was the main body of 
data for the analysis. The survey was conducted from June to August 2011.18 At the 
time, farmers had already harvested the 2010/11 Maha activities and 2011 Yala 
activities were still occupying the field pending harvest around the August–
September period (incomplete). Hence, the complete cultivation year covered in the 
survey included the 2010 Yala and 2010–11 Maha seasons. Data gathered from the 
survey covered farmers’ choices in core decisions of adaptation: the profile of 
adaptation prospects, activity portfolios of each prospect and operational 
arrangements of activities. Data pertaining to land allocation, water supply and the 
yield and revenue of all activities undertaken during this period was also collected 
with the aim of testing the propositions concerning adaptation decisions.  In addition,  
information on the timing of activities and the use of varieties was gathered for a few 
major activities with the aim of analysing farmers’ choices concerning the timing of 
operational arrangements and varietal selection decisions. 
 
                                                             
18 This period was selected considering farmers’ availability for the survey in the busy cycle of year-
round agricultural activities. 
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5.3.2.1 Descriptive Statistical Analysis of the Survey Data 
 
The propositions for the second research problem were mainly analysed by 
descriptive statistical methods, supplemented by qualitative information from the 
FGDs. Analysis of this section covered three levels of adaptation decisions: 
 
x Identification/adjustment of major prospects of adaptation, 
x Adjustment of activity portfolios in respective prospects, 
x Fine-tuning adjustment of operational arrangements of activities. 
 
Two major descriptive analytical tools were used to analyse the household data: 
estimation of descriptive statistics and cross tabulation. 
 
Estimation of Descriptive Statistics: Selected variables of the cross-sectional dataset 
were analysed by estimating key statistics depending on the nature of the variables as 
follows:  
 
x Ratio and interval variables. Examples of ratio/interval variables in 
the survey are revenue of farming activities (annual/monthly), extent 
of land allocation, production output of activities and number of rainy 
days and household members. Such variables assume numerical 
values and include both continuous and discrete variables. They were 
analysed by estimating statistics that represent central tendency (e.g., 
mean, mode, median) and variability (e.g., variance, standard 
deviation, CV). Calculations of percentage were also widely used. 
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Results of such descriptive analyses were presented in both tabular 
and graphical forms.  
x Categorical (nominal and ordinal) variables. Examples of 
nominal/ordinal variables in the survey are gender, education, 
occupation, expected amount of rainfall by month (scale of 1-5), level 
of rainfall fluctuation, timing of activities (e.g., dates) and types of 
water supply. Values for such variables take the form of ordered 
(ordinal) or unordered (nominal) categories. The variables were 
analysed by taking the count of each category. Certain ordinal 
variables were analysed as scales or ranking orders. The results of 
such analyses were also presented in tabular and graphical forms.  
 
Cross-Tabulation: Cross-tabulations were used to identify relationships that exist 
especially between categorical variables, summarise data and elaborate on vital 
relationships between key variables. They were made either on the basis of selected 
descriptive statistics or counts.  
 
However, not all decisions concerned with adaptation are taken in an annual planning 
horizon. Moreover, propositions of the second research question dealt with concepts 
such as shared beliefs, local indicators, collective decisions and joint adaptation that 
cannot be handled easily by survey methods. Therefore, the analysis was 
complemented with information collected in the FGDs, expert interviews as well as 
observations made by other researchers. The data collected from the FGDs was 
qualitative with limited scope for the application of quantitative methods. Therefore, 
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qualitative methods of analysis were used to analyse information from the FGDs, 
especially on farmers’ beliefs and local climatic indicators. 
 
5.3.2.2 Qualitative Analysis of Data from the FGDs 
 
Qualitative methods were used to analyse data from the FGDs. Some information 
was collected in pre-designed formats that were readily usable as supportive 
evidence or background information. Major examples were the participatory 
elicitation of rainfall expectations and the water requirements of major activities. 
These formats were presented to farmers as incomplete tables using flip charts in the 
discussions, and the information to fill in the tables was provided by farmers in a 
participatory manner. These formats used qualitative tools such as scoring and 
ranking.  
 
However, many issues discussed in the FGDs did not allow for the use of pre-
designed formats. Examples are locally shared beliefs on rainfall and local climate 
indicators, past experience of adaptation, perception of long-term changes in rainfall 
and formal/informal institutional arrangements for joint adaptations. Instead, they 
required lengthy discussions to explore issues and collective brainstorming. The 
information on such issues had to be summarised and organised to critically examine 
the behavioural implications they indicated. This included the following steps:  
 
x Exploratory review of information to develop broad insights on key issues,  
x Identification of essential factors, relationships, parameters, etc. for general 
organisation of facts. 
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This was mainly achieved through organisation of information into tables, matrices 
and charts. No statistical methods were used in the analysis of qualitative data from 
the FGDs. 
 
5.3.3 Method of Analysis: Third Research Question  
 
Multiple regression analysis was used to test hypotheses relating to the third and 
fourth research questions on the short-term adaptivity of households and the 
outcomes of surprise rainfall shocks.  They included econometric models based on 
ordinary least squares (OLS). Regression is the most widely used method of 
econometric analysis, and its theoretical and practical aspects has been widely 
discussed. Therefore, only a brief review of the method is presented here, covering 
essential aspects for the specific models estimated in the study. The review is based 
on Gujarati (2003), Davidson and Mackinnon (2009), Schroder et al. (1986) and 
Verbeek (2008). 
 
5.3.3.1 Multiple Regression Analysis 
 
Multiple regression analysis is concerned with the study of statistical relationships 
between a dependent variable (regressand; outcome) and one or more explanatory 
variables (regressors; covariates). The major purpose of regression is to make 
inferences about the population mean of the dependent variable based on the known 
values of explanatory variables gathered from repeated sampling. The inferences 
include estimation, prediction and hypotheses testing. The dependent variable (Y) is 
a random variable.  A regression analysis estimates the values of the regression 
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coefficients on the basis of sample observations Y and X. It provides an estimated 
sample regression function (SRF) derived by estimating its coefficient parameters 
based on the sample values of dependent and explanatory variables. A linear 
specification of SRF can be given as follows: 
 
న෡ ൌ Șෞ൅ș෢ଵଵ୧ ൅ș෢ଶଶ୧ ൅ș෢ଷଷ୧ ൅ ڮ൅ș෢୬୬୧ ൅ ො୧  
Where, 
న෡ : Predicted value of the dependent variable given the respective values 
explanatory variables 
αො: Constant (intercept); the level of the dependent variable when the value of 
all independent variables is zero (0) 
β෠୧: Partial regression coefficients (slope coefficient) 
 
As a wide range of regression models is available for behavioural research, 
researchers must choose among them carefully. Alternative methods of estimating 
regression models include ordinary least squares (OLS), maximum likelihood (ML) 
and generalised method of moments (GMM).  
 
OLS is the least complicated and most widely used method.  It involves a criterion 
used to estimate the best-fit line by minimising the sum of squared deviations of all 
points of the line. This is achieved by estimating regression coefficients so that the 
residual sums of squares (RSS) get the lowest possible values.   It is simple as it 
assumes linear relationships between dependent and independent variables. The OLS 
method was used in the study due to following reasons. 
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x Among the practical criteria of model selection, nature of the dependent 
variable(s) always assumed a priority status. Dependent variables of the 
estimated models were either continuous variables or discrete variables 
with a sufficiently large number of response categories with natural order. 
This situation sufficiently fulfilled the technical requirements of OLS 
method.   
x Third and fourth research problems involved new concepts, which have 
not been tested elsewhere.  As a result, nature of relationships concerned 
was quite unknown other than logical inferences about the direction of the 
relationship. Therefore, analyses were somewhat exploratory. Since there 
were no clues about the exact nature of relationships (whether linear or 
non-linear) assuming linear relationships is a sensible approach to begin 
with. Scatter plots of dependent variables with individual independent 
variables have not challenged this assumption within the data range 
covered in the survey.       
x Dependent variables involved in both research problems were indirectly 
measured indices of concepts they represented.  Especially the household 
adaptivity is a composite index of more than one parameter. Analysis 
aimed to test and generate as much information about connection between 
different parameters that constitute the household adaptivity as well as 
their relationships with independent variables. Therefore, analysis 
involved comparative assessment based on several estimated models.  
The most pragmatic approach to manage the complexity of such a 
comparative analysis was to use a simple, robust and easy to use method 
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of estimation.  The OLS method fulfilled this requirement better than 
many other models.  
 
In the current study, multiple regression analysis was used to test hypotheses relating 
to conceptually derived relationships on factors that affect the short-term adaptivity 
of households and sensitivity to surprise rainfall shocks. Therefore, two groups of 
multiple regressions were estimated to test models on factors affecting the short-term 
adaptivity of households and the outcomes of surprise rainfall shocks. Data for the 
regression models estimated in the study was gathered in the household survey.   
 
5.4.5.1 Models on Household Adaptivity 
 
As household adaptivity is a broad concept that has different dimensions, the testing 
of hypotheses on factors affecting it was carried out using a two-step process.  
 
In the first step, the short-term adaptivity of households was conceptualised in the 
conceptual framework as a parameter that encompasses three major dimensions: 
 
x Number of adaptation prospects 
x Scale of operation 
x Intensity of asset use 
 
Accordingly, three multiple linear regression models were estimated to test the effect 
of the hypothesised factors (Table 5.5) on these dimensions. This enabled the 
assessment of the impact of respective factors on the above dimensions separately for 
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a more in-depth understanding of the relationship. Table 5.4 shows the details on 
dependent variables used in the first step of hypothesis testing. 
 
Table 5.4: Dependent Variables of Models on the Major Dimensions of 
Adaptivity 
Dimension Dependent Variable Type of Variable 
Diversity (Number of 
adaptation prospects) 
Number of prospects covered by a given 
household by at least one activity in a 
complete annual cycle  
Discrete count (range 0-5)19 
0 – no prospects covered 
5 – all prospects covered  
Scale of operation  Total extent used for all activities under 
prospects covered by households 
Continuous (total extent by 
acres)  
Intensity of asset use Ratio of total extent of all activities to total 
endowment of assets  
Continuous ratio without 
units 
  
In the second step of hypotheses testing, the overall impact of the hypothesised 
factors on short-term household adaptivity was analysed by estimating three multiple 
regression models. To achieve this, three alternative indices of adaptivity were 
computed using the individual household values of the above dimensions. 
 
Adaptivity Index 1: Household adaptivity was measured as an interactive outcome of 
the above dimensions by multiplying individual household values of three variables 
that represent the respective dimensions (Table 5.4). Accordingly, adaptivity index 1 
(AI-1) was computed using the following formula: 
 
 െ ͳ ൌ ܰݑܾ݉݁ݎ݋݂݌ݎ݋ݏ݌݁ܿݐݏ ൈ ܶ݋ݐ݈ܽ݁ݔݐ݁݊ݐ ൈ ܴܽݐ݅݋݋݂ܽݏݏ݁ݐݑݏ݁ 
 
Since, 
ܴܽݐ݅݋݋݂ܽݏݏ݁ݐݑݏ݁ ൌ ܶ݋ݐ݈ܽ݁ݔݐ݁݊ݐܶ݋ݐ݈ܽܽݏݏ݁ݐ݁݊݀݋ݓ݉݁݊ݐ 
 
                                                             
19 Five major prospects of adaptation were identified in the study area and are discussed in Chapter 6.  
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 െ ͳ ൌ ܰݑܾ݉݁ݎ݋݂݌ݎ݋ݏ݌݁ܿݐݏ ൈ ሺܶ݋ݐ݈ܽ݁ݔݐ݁݊ݐሻ
ଶ
ܶ݋ݐ݈ܽܽݏݏ݁ݐ݁݊݀݋ݓ݉݁݊ݐ  
 
Given that the histogram of the above index indicated non-normal probability 
distribution, a natural log (Ln) transformation of it was used in the regression 
analysis. 
 
Adaptivity Index 2: Under adaptivity index 2 (AI-2), household adaptivity was 
measured as an equal weight average of the three dimensions that were scaled using 
the following formula: 
 
ܦ݅݉Ǥ ݈ܵܿܽ݁ ൌ ܪ݋ݑݏ݄݁݋݈݀ݒ݈ܽݑ݁ െܯ݅݊݅݉ݑ݉ݒ݈ܽݑܴ݁ܽ݊݃݁  
 
AI-2 was calculated by using the respective dimension scales as follows: 
 
 െ ʹ ൌ ܦ݅݉Ǥ ݈ܵܿܽ݁ͳ ൅ ܦ݅݉Ǥ ݈ܵܿܽ݁ʹ ൅ ܦ݅݉Ǥ ݈ܵܿܽ݁͵͵  
 
The above formula generated the AI-2 as a continuous ratio variable with a gross 
pattern of normal distribution. Therefore, it was used for regression analysis without 
any transformation. 
 
Adaptivity Index 3: Adaptivity Index 3 (AI-3) was calculated by the following 
formula as an experiment by giving extra weight to the selected dimension of the 
number of prospects in AI-2: 
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 െ ͵ ൌ ʹሺܦ݅݉Ǥ ݈ܵܿܽ݁ͳሻ ൅ ܦ݅݉Ǥ ݈ܵܿܽ݁ʹ ൅ ܦ݅݉Ǥ ݈ܵܿܽ݁͵͵  
 
The above indices were used as dependent variables for estimating the three multiple 
regression models in the second step of hypotheses testing.  
 
In both steps, the same set of explanatory variables was used to estimate the 
regression models. Table 5.5 summarises the 14 explanatory variables used to 
represent the five broad factors (areas of interest) affecting household adaptivity as 
hypothesised in Chapter 4.  
 
5.3.4 Method of Analysis: Fourth Research Question  
 
The fourth research problem is concerned with differential outcomes due to surprise 
rainfall shocks at the household level.  One multiple linear regression model was 
estimated to test hypotheses on the factors affecting the outcome of the surprise 
rainfall shock faced by farmers in January–February 2011. This surprise event 
disturbed the crops of the 2010–11 Maha season around the harvesting period. 
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Table 5.5: Explanatory Variables for Models of Factors Affecting Household 
Adaptivity 
Factor Variables Description Type Expected 
Relationship  
Risk 
perceptions 
Priority risk: rainfall 
fluctuation 
Whether farmer identify 
rainfall as the priority risk 
Dummy 
(1/0) 
Positive (+) 
Experience 
 
Education-experience 
interaction 
Office bearer (FO) 
Interactive term of education 
level (ordinal) and number of 
years in farming  
Proxy for individual 
experience  
Continuous  
 
 
Dummy 
(1/0) 
Positive (+) 
 
 
Positive (+) 
Adaptive 
capacity 
Land availability: 
seasonal  
Labour availability 
 
 
 
Agro-wells(by 
location) 
Upstream 
Midstream 
Downstream 
Total gross earnings  
 
Share of farm 
earnings  
Total land available for 
seasonal activities  
Total number adult labour 
(persons) available for 
agriculture without 
engagement in formal sectors 
Interactive term of location 
(dummy) and ownership of 
agro-wells (dummy) 
 
 
Earnings from all sources 
including unsold paddy output 
 
Ratio of total farm earnings to 
gross total earnings  
Continuous 
 
Count 
number 
(discrete) 
 
Dummy 
(1/0) 
 
 
 
Continuous 
(log 
transformed) 
Continuous 
ratio 
Positive (+) 
 
Positive (+) 
 
 
 
 
 
Positive (+) 
Positive (+) 
Positive (+) 
Positive (+) 
 
 
Positive (+) 
Other 
household 
Age category (higher)  
Location-Cascade:  
Mahakanumulla 
Periyakulama 
Belonging to a higher (>55 
yrs) category or not 
Located in Mahaknumulla 
cascade or not 
Located in Periyakulama 
cascade or not 
(reference category Tirappane 
cascade) 
Dummy 
(1/0) 
Categorical 
(n-1) 
dummies 
Negative (-) 
 
Not specified  
External 
interventions 
Affected by 
acquisition of chena 
Whether chena land belonging 
to farmers were taken over by 
the government for the buffer 
zone 
Dummy 
(1/0) 
Negative (-) 
 
5.3.4.1 Model of Surprise Rainfall Shocks 
 
Attention was focused on wetland rice alone, which was among the most affected. 
The selection of this activity had a major advantage in terms of data collection. 
Nearly all farmers (176 out of 181) have undertaken this activity and faced some 
consequences due to surprise rainfall event.  It is carried out as the sole activity in 
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wetland fields designated for it in every Maha season, usually occupying the entire 
field. Therefore, all farmers have a relatively dependable assessment of the potential 
output from their fields in a ‘normal’ year consistent with their rainfall expectations. 
This can be considered the expected output, thereby facilitating a gross estimation of 
the perceived losses due to rainfall shock. In other mixed rain-fed activities where 
crops and field allocation change seasonally, farmers were not in a position to make a 
reliable assessment of the output potential of these activities in a ‘normal year’.  
 
However, assessing household sensitivity to surprise shocks based on wetland rice 
alone provides a partial measure of household sensitivity to surprise shock.  Even 
though wetland rice constitutes a key component of the farming system, farmers 
operated in a diversified system. As far as farmers coping strategy is concerned, 
other activities also play an important role.  Hence, losses incurred in wetland rice 
represent only a part of the impact of surprise shocks and can be considered as a 
partial measure of overall household sensitivity to shocks.  
  
Accordingly, household sensitivity to rainfall shock was measured by calculating the 
gross perceived losses for each farmer using the following formula: 
 
ܩݎ݋ݏݏ݌݁ݎܿ݁݅ݒ݁݀݈݋ݏݏ ൌ ܸ݈ܽݑ݁݋݂݁ݔ݌݁ܿݐ݁݀݋ݑݐ݌ݑݐ െ ܸ݈ܽݑ݁݋݂ܽܿݐݑ݈ܽ݋ݑݐ݌ݑݐ 
 
The gross perceived loss was computed as a monetary value in Sri Lankan rupees 
and its Ln transformation was used as the dependent variable for the regression 
model, as the histogram of the variable indicated a highly skewed distribution with a 
201 
 
long tail towards the right hand side. The transformed variable 
(LnGrossPerceivedLoss) appeared to approximate the normal distribution. 
 
Table 5.6: Explanatory Variables for Models on Factors Affecting the Outcome 
of Surprise Shocks 
Factor Variables Description Type Expected 
Relationship 
Level of 
surprise 
High 
expectation of 
monthly 
rainfall 
fluctuation 
Whether expectations on 
rainfall fluctuations for the 
month of shock is high or low 
Dummy (1/0) Negative (-) 
Information 
alertness 
Regular 
attention to 
media weather 
coverage 
Whether farmers are searching 
for weather information from 
media regularly  
Dummy (1/0) Negative (-) 
Experience 
 
Education-
experience 
interaction 
Office bearer 
(FO) 
Interactive term of education 
level (ordinal) and number of 
years in farming  
Proxy for individual 
experience  
Continuous 
ratio 
 
Dummy (1/0) 
Negative (-) 
 
 
Negative (-) 
 
Vulnerability  
 
Exposure by 
field extent  
Timing factor 
of exposure 
Early 
late 
Young or 
elderly age 
category  
 
Upstream 
Total extent under paddy 
when the shock took place 
 
Whether field establishment 
was ‘early’ or ‘late’. ‘Usual’ 
time is the reference category. 
 
 
Belonging to a lower (<35 yrs) 
or higher (>55 yrs) age 
categories (Reference category 
is middle age) 
Whether located in a upstream 
tank 
Continuous 
ratio 
 
Categorical  
(n-1) dummies 
 
 
 
Categorical  
(n-1) dummies 
 
 
Dummy (1/0) 
Positive (+) 
 
 
Not specified 
 
 
 
 
Positive (+) 
Positive (+) 
 
 
Negative (-) 
Coping 
capacity  
Labour 
availability: 
per unit land 
of exposure 
Labour 
engaged in 
formal 
occupations 
Earnings from 
non-farm 
sources 
Ratio of total labour available 
to total extent under paddy 
 
 
 
Number of persons (labour) 
engaged in formal occupations  
 
 
Total household earnings from 
sources other than agriculture  
Continuous 
ratio 
 
 
 
Count number 
(discrete) 
 
 
Continuous 
(log 
transformed) 
Negative (-) 
 
 
 
 
Positive (+) 
 
 
 
Negative (-) 
 
 
The dependent variable was regressed against the set of explanatory variables given 
in Table 5.6. The justification for these variables and theoretical expectations were 
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discussed in Chapter 4. Positive relationships indicate that the respective variables 
tend to increase the perceived losses, whereas negative relationships are envisaged 
for variables that reduce losses. 
 
All models were tested for multicollinearity and heteroscedasticity. Multicollinearity 
was tested using collinearity statistics―variance inflation factor (VIF) and tolerance. 
General rules for detecting multicollinearity are VIF> 3.0 and tolerance <0.20. 
Tolerances below 0.2 and VIF above 3.0 are usually considered as indicative of the 
existence multicollinearity problem. These parameters for two sets of independent 
variables used in household adaptivity models (research question 3) and model on 
household sensitivity to surprise shocks were found to be within the acceptable range 
suggesting the absence of multicollinearity problem in the models estimated. 
Tolerance and VIF values reported for independent variables used in respective 
models are given in appendix 3.    
 
Heteroscedasticity was tested through examination of residual plots and histograms 
of dependent variables.  Residual plots of any model have not displayed noticeable 
systematic pattern or ‘fanning out/in’ effect.  Residual plots of respective models also 
are given in  appendix 3.  As reported in sections 6.4.1, 6.4.2 and 6.5.1 (Figures 6.14-
6.17) five out of seven dependent variables possessed characteristics of normal 
distribution and other two were converted in to transformations that displayed normal 
distributions.    Overall, estimated models can be considered free of multicollinearity 
or heteroscedasticity problems.  
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5.4 Chapter Summary 
 
Table 5.7 summarises the methodology of the study in a matrix that relates the 
research questions, the propositions/hypotheses developed to answer them, the data 
sources and collection methods and the analytical tools used to test the 
propositions/hypotheses. The first and second research questions were examined 
using both the primary and secondary data collected in the study, which were 
analysed with descriptive statistical methods. For the first question, CA was also 
used; for the second question, qualitative methods were employed to analyse data 
from the FGDs. Hypotheses for the third and fourth research questions were tested 
using primary data from the household survey. The main analytical tool used to test 
these hypotheses was the estimation of econometric models using the OLS method.  
 
Table 5.7: Matrix of the Research Design 
Research 
Question 
Propositions and Hypotheses Data 
Sources/Methods 
Analysis 
1 Do farmers’ 
have shared 
beliefs that 
lead them to 
identify the 
general pattern 
of variability 
and long-term 
changes in 
rainfall and 
are these 
perceptions 
consistent 
with the 
patterns 
observed in 
local weather 
data? 
 
Hypotheses 1.1 
H0 = Farmers’ do not have shared beliefs that 
capture average pattern of variability of local 
rainfall (farmers’ normal rainfall expectations 
do not fit into a consensus model) 
H1 = Farmers’ have shared beliefs that capture 
average pattern of variability of local rainfall 
(farmers’ normal rainfall expectations fit into a 
consensus model) 
Hypotheses 1.2 
H0 = Farmers’ do not have shared perceptions 
that reflect long-term changes in local rainfall 
(farmers’ perceptions of long-term changes in 
local rainfall do not fit into a consensus model) 
H1 = Farmers’ have shared perceptions that 
reflect long-term changes in local rainfall 
(farmers’ perceptions of long-term changes in 
local rainfall fit into a consensus model) 
Primary data 
Household survey  
 
Secondary data 
Local rainfall data  
 
 
Consensus 
analysis 
 
Descriptive 
statistical 
methods 
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2. How 
common 
influence of 
shared beliefs 
guide 
decisions on 
different time 
horizons and 
joint 
adaptation 
decisions? 
 
Proposition 2.1 
In the long-term, under the common influence 
of shared beliefs, type of adaptation―whether 
individual or joint―is determined by the 
ownership rights to assets   
Proposition 2.2 
In short- to medium-term, adjustments of 
activity portfolios are more often motivated by 
the changing conditions of demand-side and 
supply-side factors that alter relative value gain 
potential of activities  
Proposition 2.3 
Differential updating of expectations (NREs) by 
individual farmers through selective use of local 
indicators lead to variations in fine-tuning 
seasonal adjustments of operational 
arrangements of activities 
Primary data  
Household survey  
 
FGDs 
 
 
Secondary data 
Previous studies 
on village tank 
systems  
 
Descriptive 
statistical 
methods 
Qualitative 
analytical 
methods 
 
3. How factors 
identified 
from different 
areas of 
interest lead to 
individual 
variations in 
adaptation 
choice despite 
common 
influence of 
shared beliefs? 
Hypotheses H3.1- H3.11 (Factors affecting 
household adaptivity) 
Risk perceptions: Priority risk: rainfall 
fluctuation 
Experience: Education-experience interaction; 
Office bearer (FO) 
Adaptive capacity: Endowments - Seasonal land 
availability; Labour availability; Agro-wells (by 
location): Earnings -Total gross earnings; Share 
of farm earnings 
Other households: Age category (higher); 
Location: Cascade - Mahakanumulla; 
Periyakulama  
External interventions: Affected by acquisition 
of chena 
 
Primary data  
Household survey 
 
Estimation of 
econometric 
models  
4. How the 
household 
sensitivity to 
surprise 
rainfall events 
are determined 
by factors 
identified 
from different 
areas of 
interest, when 
farmers’ 
rainfall 
expectations 
fail to 
anticipate such 
events? 
 
Hypotheses H4.1- H4.11 (Factors affecting the 
sensitivity to surprise rainfall events) 
Level of surprise: High expectation of monthly 
rainfall fluctuations 
Information alertness: Regular attention to 
media weather coverage 
Experience: Education-experience interaction; 
Office bearer (FO) 
Vulnerability: Exposure by field extent; Time 
factor of exposure (early/late establishment); 
Age category (young; higher age); Location: 
Upstream 
Coping capacity: Labour availability per unit 
land; Labour engaged in formal occupations; 
Earnings from non-farm sources 
 
Primary data  
Household survey  
 
Estimation of 
econometric 
models 
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Chapter 6: Results and Discussion 
 
 
This chapter begins with a profile of the personal and household information of 
farmers interviewed in the survey. The sections that follow discuss the study’s 
findings on the propositions and hypotheses for each research question. They present 
a descriptive analysis of farmers’ rainfall expectations, discuss the results of the CA 
conducted to test the hypotheses regarding farmers’ perceptions and analyse the role 
of farmers’ beliefs on adaptation choices (the main focus of the second research 
problem). Results of the econometric models estimated to test the factors affecting 
household adaptivity and the factors affecting outcomes of surprise rainfall shocks 
are also presented. The chapter concludes with a summary of the results of the study. 
 
6.1 Personal and Household Information 
 
This section presents a profile of the personal and household information of the 
sample of respondents. It covers gender composition, level of education, age, 
farming and other occupations, individual experience in farming, household living 
conditions and the composition of household earnings. 
 
6.1.1 Profile of Respondents 
 
The sample of 181 included 86.7 per cent male respondents and 13.3 per cent female 
respondents (Table 6.1). The average family size was 3.9. There were two unmarried 
respondents in the sample and a few widowed respondents (4.0%). 
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Table 6.1: Gender Composition and Civil Status 
Gender/Civil status Number % 
Gender 
Male  
Female  
Total 
Civil status 
Unmarried 
Married 
Widowed 
Total 
 
157 
24 
181 
 
2 
172 
7 
181 
 
86.7 
13.3 
100 
 
1.1 
95.0 
3.9 
100 
 
 
The age of the respondents varied from 22 to 72 years with an average of 50 years. 
The age composition of the respondents is important for understanding the labour 
available for livelihood activities. Households headed by young respondents (<35 
years) usually had small children and farm labour supply was restricted to family 
heads and spouses. In families headed by middle-aged respondents (36–55 years), 
grown-up children contributed to farm activities in addition to the parents. In 
households with elderly heads (>55 years), farm labour supply was restricted to 
elderly parents and any unmarried children. In such families, adult children had left 
the household to build their own families. The sample had 26, 96 and 59 households 
in the young, middle-aged and elderly categories, respectively.  
 
Table 6.2 presents information on the education level of respondents. A majority 
(76.2%) was educated beyond the primary level and 53 per cent had finished formal 
education after their GCE (Ordinary Level) examination. One-fourth of the sample 
had completed secondary education up to their GCE (Advanced Level) examination. 
Two respondents (1.2%) had tertiary qualifications. The literacy rate of the sample 
was 100 per cent, as all respondents had formal education up to a certain level. 
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Table 6.2: Education Level of Respondents  
Level of Education Number % 
No schooling  
Primary (Grade 1-6) 
Lower secondary (Grade 7-10) 
Upper secondary (Grade 11-12) 
Diploma 
Graduate 
Postgraduate 
Total 
- 
43 
96 
40 
- 
1 
1 
181 
- 
23.8 
53.0 
22.1 
- 
0.5 
0.5 
  100 
 
 
The majority of the respondents (77.9%) used to be full time farmers (Table 6.3). 
The rest (22.1%) engaged in some other occupation while being involved in farming 
on a part-time basis. Public-sector jobs and self-employment were the major 
occupation categories of part-time farmers. The self-employed category included 
occupations such as masonry, carpentry and boutique keeping. Casual labourers 
earned the major part of their income by working as daily-wage agricultural 
labourers. In addition, sample households included 73 other members that engaged in 
occupations other than farming. The total number of people employed in occupations 
other than farming in the sample households was 113. 
 
Table 6.3: Involvement in Farming and Other Occupations 
Type of Involvement  Number % 
Fulltime 
Part- time 
Total 
Other Occupations 
Casual labourer 
Self-employed 
Public sector employee 
Private sector employee 
Pensioner 
Total 
141 
40 
181 
 
4 
14 
16 
3 
3 
40 
77.9 
22.1 
100 
 
10.0 
35.0 
40.0 
7.5 
7.5 
100 
 
 
The farming experience of respondents varied from one to 55 years. The highest 
number of respondents was reported in the 31–40 year-old category (Figure 6.1). 
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Based on their farming experience, 40 respondents (22.1%) had been selected as 
office bearers of FOs at least once. 
 
 
Figure 6.1: Farming Experience of Respondents 
 
6.1.2 Household Living Conditions and Facilities  
 
Table 6.4 summarises the living conditions of the households in the sample. A 
majority of houses had modern structural features such as brick walls (89.5%), roofs 
covered with tiles or asbestos/galvanised iron sheets (100%) and cemented/tiled 
floors (84.5%). Domestic wells were the major source of drinking water (>75%). All 
households had sanitary facilities with 93.4 per cent having water-sealed toilets. 
 
Almost all houses used firewood for cooking and heating, which was abundantly 
available from local sources. Over 85 per cent of households had an electricity 
supply for lighting and possessed a television set. Nearly 90 per cent of respondents 
had at least a mobile telephone connection. Two-thirds (66.9%) of households had 
motorcycles, which were the most popular means of private travel, especially for 
short-distances. 
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Table 6.4: Household and Living Conditions  
Facility/Type No. of Households % 
Roof 
Tile 
Corru. Asbestos 
Tin/Alu sheets 
 
110 
66 
5 
 
60.8 
36.5 
2.8 
Floor  
Tile/terrazzo 
Cement 
Earth/cow dung 
 
13 
140 
28 
 
7.2 
77.3 
15.5 
Walls  
Bricks 
Clay & wattle 
Other 
 
162 
17 
2 
 
89.5 
9.4 
1.1 
Drinking water 
Protected well 
Unprotected well 
Tube well 
River/canal 
Service line 
Other 
 
112 
25 
1 
19 
10 
14 
 
61.9 
13.8 
0.6 
10.5 
5.5 
7.7 
Toilet 
Water-sealed 
Flow-flush 
Pit 
Other 
 
169 
4 
7 
1 
 
93.4 
2.2 
3.9 
0.6 
Energy- cooking 
Firewood  
 
181 
 
100 
Energy- lighting  
Electricity: Main supply 
Electricity: Solar power 
Lamps: Kerosene/Petrol 
 
157 
1 
23 
 
86.7 
0.6 
12.7 
 
 
6.1.3 Household Earnings  
 
Table 6.5 summarises the composition of the respondent household earnings, which 
comprised farm and non-farm sources of earnings. Income from farm sources 
included cash earnings from farm products, as well as unsold paddy output that was 
valued at the prevailing market price in respective seasons of production. Although 
there was more unsold subsistent output, especially from home gardens, farmers 
could not provide reliable estimates due to the scattered and small-scale nature of the 
harvesting and consumption of them. Earnings from farm sources varied from Rs. 
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11,600 to Rs. 1.35 million20 per annum with an average of Rs. 232,301.35 per annum 
(Table 6.8). Altogether, 176 out of the 181 respondents reported some kind of farm 
earnings for the period covered in the survey. Five respondents who were part-time 
farmers reported that they did not cultivate their paddy fields during the period, the 
only source of farm earnings available to them. 
 
Table 6.5: Composition of Household Earnings 
Component of Earnings  No. of 
Households 
Average 
(Rs./Yr) 
Max. (Rs./Yr) Min. 
(Rs./Yr) 
 
Total gross earnings  
Non-farm earnings 
 
Farm earnings 
Earnings from sold output  
Value of unsold output 
 
Share farm income (%) 
 
181 
134 
 
176 
148 
 
172 
 
181 
 
333,015.42 
179,167.01 
 
232,301.35 
184,457.17 
 
44,266.98 
 
65.47 
 
1,383,700.00 
960,000.00 
 
1,346,400.00 
1,296,000.00 
 
154,000.00 
 
100.00 
 
100,800.00 
12,000.00 
 
11,600.00 
2,900.00 
 
4,480.00 
 
0.00 
  
 
In addition to farm earnings, 134 households reported earnings from non-farm 
sources such as the other occupations reported in Table 6.3, as well as remittances 
from family members/relatives occupied in overseas employment, poverty and social 
service benefits from the government and income from leased assets. In some 
households, especially in the case of public- and private-sector employees, earnings 
from non-farm sources exceeded those from farm sources. Earnings from non-farm 
sources varied from Rs. 12,000 to Rs. 960,000 per annum with an average of Rs.179, 
167.01 per annum (Table 6.8). Overall, earnings from farm sources remained the 
dominant source of income for many households, contributing to 65.47 per cent of 
the household earnings on average. 
 
                                                             
20 Average exchange rate for the twelve months period covered by the survey (March 2010-February 
2011) was 1 US$ = 112.63 SL Rs.  
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6.2 Shared Beliefs and Perceptions 
 
This section analyses farmers’ beliefs and perceptions about local rainfall to test the 
hypotheses for the first research problem. It begins with a descriptive statistical 
analysis of rainfall expectations of farmers.  
 
6.2.1 Farmers’ Normal Rainfall Expectations 
 
Table 6.6 (and Figure 6.2) present farmers’ normal expectations on monthly rainfall 
amounts. November and December were consistently ranked level 4 or above by 
over 95 per cent of respondents, followed by January and April, which were ranked 
at level 3 or above by over 77 per cent. The lowest rainfall expectations were 
reported for June, July and August, which were ranked at level 1 by around 95 per 
cent of respondents. The majority of farmers also ranked February (75%) and May 
(72%) at level 1. More scattered responses were reported for March, September and 
October. Roughly an equal number of respondents ranked their expectations for 
October at levels 2, 3 and 4 (altogether 81.4%) with a significant number (16.3%) at 
level 5 as well. 
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Table 6.6: Famers’ NREs about the Amount of Rainfall by Month 
Month Amount of Rainfall (1-5 scale) 
1 2 3 4 5 
No. % No. % No. % No. % No. % 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
1 
129 
62 
3 
125 
163 
170 
168 
97 
4 
- 
- 
0.6 
75.0 
36.0 
1.7 
72.7 
94.8 
98.8 
97.7 
56.4 
2.3 
- 
- 
38 
36 
72 
36 
41 
9 
1 
3 
48 
41 
1 
1 
22.1 
20.9 
41.9 
20.9 
23.8 
5.2 
0.6 
1.7 
27.9 
23.8 
0.6 
0.6 
119 
5 
16 
86 
6 
- 
1 
1 
15 
50 
5 
3 
69.2 
2.9 
9.3 
50.0 
3.5 
- 
0.6 
0.6 
8.7 
29.1 
2.9 
1.7 
13 
2 
17 
35 
- 
- 
- 
- 
8 
49 
18 
23 
7.6 
1.2 
9.9 
20.3 
- 
- 
- 
- 
4.7 
28.5 
10.5 
13.4 
1 
- 
5 
12 
- 
- 
- 
- 
4 
28 
148 
145 
0.6 
- 
2.9 
7.0 
- 
- 
- 
- 
2.3 
16.3 
86.0 
84.3 
 
 
Figure 6.2: Expectations of Monthly Rainfall Amounts 
 
 
The ranking of expected monthly rainfall amounts appears to be quite consistent with 
the expected number of rainy days in respective months (Table 6.7).  
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Table 6.7: Farmers’ Expectations of the Number of Rainy Days by Month  
Month Average no. rainy 
days 
Mode Standard 
deviation 
Co-eff. 
Var. (%) 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
10.13 
1.05 
2.49 
7.48 
1.18 
0.18 
0.09 
0.13 
2.06 
7.91 
24.27 
25.32 
15 
0 
0 
6 
0 
0 
0 
0 
0 
3 
30 
30 
5.47 
2.27 
2.74 
5.16 
2.21 
0.58 
0.58 
0.60 
3.25 
6.30 
8.22 
7.55 
53.0 
21.6 
110.0 
68.0 
187.0 
322.0 
644.0 
461.0 
157.0 
79.0 
33.0 
29.0 
 
 
Accordingly, months ranked low in expected rainfall amount—June, July, August, 
February, May, September and March—were expected to have a low number of 
rainy days (0-5) by over 90 per cent of respondents. November and December, which 
ranked high in the scale, were expected to have a high number of rainy days (>20) by 
over 75 per cent of respondents. For January, April and October, which ranked at the 
middle level of the scale, the expected number of rainy days varied from seven to 10 
days. Expectations corresponded more sharply in months with low rainfall 
expectations than in months with high rainfall expectations. 
 
In the case of expectations on the level of rainfall fluctuation, over 90 per cent 
assessed the level of rainfall fluctuation in February, May, June, July and August 
would be low (Table 6.8). Conversely, over 85 per cent also assessed the level of 
fluctuation in November and December as low, implying high confidence in their 
rankings for months with the lowest and highest expectations of rainfall. The number 
of respondents that expected a high level of fluctuation increased progressively for 
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September (21.1%), October (29.6%), March (31.7%), April (34.5%) and January 
(83.1%). Overall, it suggests that the majority of farmers expect the rainfall 
fluctuation to be low in general except for January. Hence, January is an outlier that 
calls for explanation. 
 
Table 6.8: Farmers’ Expectations about Rainfall Fluctuations by Month 
Month % of 
expected 
‘Low’ 
fluctuation 
% of 
expected 
‘High’ 
fluctuation 
Most likely fluctuation  
Increase in 
rain 
Decrease in 
rainfall 
Unpredictable 
No. % No. % No. % 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
16.8 
90 
68.1 
65.4 
93.7 
94.3 
99.2 
95.7 
78.8 
70.3 
85.2 
85.2 
83.1 
9.9 
31.7 
34.5 
6.3 
5.6 
0.7 
4.2 
21.1 
29.6 
14.8 
14.8 
80 
7 
27 
26 
2 
3 
1 
3 
16 
24 
15 
16 
67.8 
50.0 
60.0 
53.1 
22.2 
37.5 
100.0 
50.0 
53.3 
57.1 
71.4 
72.7 
34 
7 
18 
20 
6 
5 
- 
3 
14 
15 
6 
6 
28.8 
50.0 
40.0 
40.8 
66.6 
62.5 
- 
50.0 
46.7 
35.7 
28.6 
27.3 
4 
- 
- 
3 
1 
- 
- 
- 
- 
3 
- 
- 
3.4 
- 
- 
6.1 
11.1 
- 
- 
- 
- 
7.2 
- 
- 
 
 
A plausible explanation is provided by the surprise event of extreme rainfall that 
farmers experienced in January of the same year. The survey was conducted in June–
August 2011, and the shock of this event was still fresh in their minds when they 
responded to interviews. In other words, this event had a ‘recency bias’ over farmers’ 
expectations, a type of cognitive limitation (Hansen et al. 2004; Marx et al. 2007).  
 
6.2.2 Shared Beliefs, Expectations and Perceptions: CA Results 
 
The first research question asked whether farmers have shared beliefs that reflect the 
average pattern of variability and long-term changes in rainfall that are consistent 
with trends indicated by local weather data.  This question was approached by 
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analysing individual expectations/perceptions about rainfall variability/change.  
Analysis was carried out in two steps.  In the first step, farmers’ normal rainfall 
expectations (NREs) and perceptions about long-term changes in rainfall were 
analysed separately using CA to test whether they represent shared domains of 
beliefs.  The essence of CA is that if more famers give similar answers for questions 
on aspects of rainfall expectations/perceptions, it is more likely that a single domain 
of beliefs shared by all of them exists, whereas sporadic responses would suggest the 
opposite. If NREs/perceptions were found to represent a shared set of beliefs, in the 
second step, answer keys of CA that outlined the domains of beliefs were compared 
with patterns/trends indicated by local weather data to assess how consistently they 
reflect the actual situation. The objective of the analysis was to examine whether 
village tank farmers can rely on their beliefs to perceive average pattern of variability 
and long-term changes in local rainfall when they make individual and joint 
decisions of adaptation.  
 
Results of the CA performed on NREs are presented first. CA was performed 
separately on three aspects of NREs discussed in the previous section. It provided 
three major outputs to assess farmers’ responses: Eigen values to test the level of 
agreement in respondents’ answers, individual competence scores of respondents and 
answer keys. The general rule of the consensus test is provided by the ratio between 
the largest and the next Eigen value. If the ratio exceeds three (>3), it suggests that 
farmers’ responses fits into a consensus model, which indicates the existence of a 
single domain of beliefs. Individual competence scores provide additional diagnostic 
information to assess the nature of consensus.  
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Table 6.9 presents the results of Eigen value tests and summary of competence 
scores of CA performed on the three aspects of farmers’ NREs. The ratio of largest 
Eigen value to the second largest Eigen value is higher than three (>3) in all three 
aspects. In addition, competence scores have not recorded negative values for any of 
the aspects. These results indicate that farmers’ normal expectations about the 
amount of monthly rainfall, the number of rainy days per month and the level of 
fluctuation of monthly rainfall fit into a consensus model thereby rejecting H0 of 
hypothesis 1.1. Given the high degree of agreement about the aspects of local 
rainfall, it is possible to assert that individual rainfall expectations represent 
manifestations of a shared set of beliefs. In other words, farmers’ have shared beliefs 
to reflect the average pattern of variability of local rainfall in terms of monthly 
rainfall amount, the number of rainy days per month and the level of monthly 
fluctuation. 
Table 6.9: CA Results—NREs  
Test Parameter Amount of Monthly 
Rainfall 
Number of 
Rainy Days Per 
Month 
Fluctuation of 
Monthly Rainfall 
Type of answer Expected amount of 
rainfall in each month 
(ranking on scale of 1-5)21  
Expected number 
of rainy days per 
month (0-31) 
Expected level of 
fluctuation (Low- 
1; High- 2) 
Eigen values  
Largest Eigen value  
Second largest Eigen value 
Ratio  
 
144.61 
8.209 
17.61 (>3.0) 
 
152.83 
4.91 
31.07 (>3.0) 
 
80.45 
16.26 
4.94 (>3.0) 
Competence scores 
Highest competence score  
Lowest competence score  
Average  
Std. Deviation 
Coefficient of variation 
(%)  
Number of negative values 
 
0.992 
0.373 
0.908 
0.104 
11.48 
 
0 
 
0.997 
0.681 
0.891 
0.222 
24.96 
 
0 
 
0.972 
0.06 
0.71 
0.241 
34.07 
 
0 
 
 
                                                             
21 Responses to questions on expectations on monthly rainfall amount had the option to be analysed 
either as ordinal/interval responses or multiple-choice responses. The advantage of analysing it as a 
set of ordinal/interval responses is that the answer key can cover subtle variations in rainfall, 
converting the discrete scale into a continuous scale. 
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Results further suggest that beliefs they share on different aspects of rainfall 
variability may not be equally strong. Accordingly, a higher level of consensus 
indicated by relatively high Eigen value ratios for expectations on the amount of 
monthly rainfall and the number of rainy days per month reflect that farmers share 
stronger beliefs on these aspects than on their expectations about the level of monthly 
rainfall fluctuation. This is further supported by the competence scores, which 
represent the individual knowledge/competence regarding the common truth (shared 
beliefs). The high average and low variation of competence scores estimated for 
expectations on the amount of monthly rainfall and the number of rainy days per 
month suggest that farmers have more closely shared beliefs on these aspects than on 
their expectations on the level of monthly rainfall fluctuation.  
 
6.2.2.1 Answer Keys: Inferences of Shared Beliefs 
 
CA has also provided answer keys for the three aspects of rainfall expectations. 
Given that farmers’ responses regarding all three aspects fit into consensus models, 
answer keys provide an ‘estimation’ of their shared beliefs on the aspects in the form 
of a specific set of answers to the questions (see Table 6.10).  
 
The table provides an outline of beliefs shared by farmers in a numerical format that 
can be seen as an abstract model of the beliefs. Taking all the months together, it 
outlines the belief about the bi-modal pattern of rainfall with a prominent peak 
during the period of October to December and a minor peak in April. Variation in the 
monthly rainfall amount corresponds more or less consistently with variation in the 
number of rainy days per month. Moreover, farmers appear to believe that the 
fluctuation of monthly rainfall is generally low except in the month of January. 
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Table 6.10: Farmers’ Shared Beliefs on Local Rainfall –CA Answer Keys 
Month Shared beliefs (Answer keys) 
Amount of rainfall  
(Scale: 1-5) 
Number of rainy days 
(No. days: 0-31) 
Rainfall variability 
(High/Low) 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
2.86 
1.28 
1.98 
3.07 
1.30 
1.05 
1.02 
1.03 
1.65 
3.31 
4.83 
4.83 
10.69 
1.09 
2.62 
7.85 
1.24 
0.19 
0.10 
0.14 
2.12 
8.22 
25.87 
26.88 
High 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
  
 
6.2.2.2 Consistency of Shared Beliefs: An Assessment 
 
There is no foolproof way to explore or establish the ‘truth’ about farmers’ shared 
beliefs. Nonetheless, it is useful to assess the consistency of farmers’ beliefs with 
respect to the average pattern of local rainfall indicated by instrumental records from 
the local weather station. Figure 6.3 presents the pattern of monthly mean rainfall 
(column bars) and the coefficient of variability (line diagram) from 1951 to 2010. 
This is a 60-year period that covers the time span of experience of even the most 
experienced respondents interviewed in the survey. It shows that November, October 
and December are the months with the highest monthly average rainfall, followed by 
April and January. The lowest average rainfall was reported for June, followed by 
July and August. Average rainfall in February, March, May and September falls 
between the high and low categories mentioned above. As indicated by the CV, the 
monthly fluctuation of rainfall is generally high and varies widely from 57 per cent 
in November to 208 per cent in June. Months with low average rainfall usually have 
a high level of variability, indicating the sensitivity of low mean values even to a 
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single event of rainfall. In contrast, months with high average rainfall indicate a 
relatively stable situation.  
 
 
Figure 6.3: Average Annual Rainfall Pattern in the Area 
 
 
Figure 6.4 compares the abstract model of farmers’ beliefs (line diagram) with the 
average rainfall pattern based on local weather station data (column bars). It appears 
that farmers’ beliefs mimic the pattern indicated by actual data reasonably well. In 
spite of deviations in certain months (e.g., January, October), the farmers’ model 
(beliefs) can be considered a reasonable approximation of the average pattern 
indicated by local weather data. However, a bias due to experience of extreme 
rainfall in January seems to have an influence, implying that farmers’ expectations 
are susceptible to recent events with notable impacts at least in the short run.  
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Figure 6.4: Comparison of Farmers’ Beliefs and Average Rainfall Patterns—
Amount of Monthly Rainfall 
 
 
A similar comparison was conducted between farmers’ beliefs on the number of 
rainy days per month and the average number of rainy days recorded by local 
weather stations for each month. The results of this comparison are presented in 
Figure 6.5. Unlike the amount of monthly rainfall, this comparison is more 
straightforward, as both indicators have the same scale of measurement. Here again, 
farmers’ beliefs seem to mimic the pattern of the average number of rainy days 
recorded by local weather stations in general but with more pronounced 
overestimations and underestimations. They appear to follow a systematic pattern: 
large overestimations for months with a high number of rainy days and more 
pronounced underestimations for months with a low number of rainy days. 
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Figure 6.5: Comparison of Farmers’ Beliefs and Average Rainfall Patterns—
Number of Rainy Days per Month 
 
 
Overall, the local model of climatic variability characterised by farmers’ beliefs 
appears to be a reasonably consistent representation of the average pattern indicated 
by the systematically gathered rainfall data. In other words, village tank farmers have 
shared beliefs that perceive average pattern of rainfall variability in a consistent 
manner. As the beliefs were inferred from farmers’ NREs that are presumed to assist 
their choice decisions of adaptation, they can be regarded as a reliable guide for 
making decisions on adaptation against the variability of local rainfall. 
 
6.2.3 Farmers’ Perceptions of Long-Term Changes in Rainfall: An Assessment 
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local rainfall connected to global climate change. Farmers’ perceptions were 
examined thorough a series of questions that focused on their individual observations 
regarding perceptible changes in two major seasons, Maha and Yala. A large 
majority (89%) of respondents expressed the view that long-term changes are taking 
place in the local rainfall pattern. However, when it came to identifying specific 
changes in rainfall in seasons, their opinions varied (see Table 6.11). Farmers’ 
perceptions seem to be divided over specific changes about seasons. Counting on the 
majority responses, it presents a vague image that rainfall has increased in the Maha 
season, whereas in the Yala season it has declined and the time of rainfall in both 
seasons has become unpredictable.  
 
Table 6.11: Farmers’ Perceptions of Long-Term Changes in Rainfall in Maha 
and Yala 
Perceived changes  Maha Yala 
No. farmers % No. farmers % 
Amount of rainfall 
 
Number responded 
Rainfall is increasing 
Rainfall is decreasing 
Uncertain 
No Change 
 
 
152 
108 
40 
4 
- 
 
 
100 
71.1 
26.3 
2.6 
- 
 
 
152 
55 
93 
2 
2 
 
 
100 
36.2 
61.2 
1.3 
1.3 
Number of rainy days 
 
Number responded 
No. rainy days has increased 
No. rainy days has decreased 
Uncertain 
No change 
 
 
152 
80 
54 
18 
- 
 
 
100 
52.6 
35.5 
11.9 
- 
 
 
152 
45 
94 
11 
2 
 
 
100 
29.6 
61.8 
7.3 
1.3 
Onset of rain 
 
Number responded 
Rain comes early 
Rains are late 
Rains have become unpredictable 
No change 
 
 
151 
22 
56 
73 
- 
 
 
100 
14.6 
37.1 
48.3 
- 
 
 
151 
25 
55 
70 
1 
 
 
100 
16.6 
36.4 
46.3 
0.7 
 
 
A CA was conducted to test whether these responses suggest the existence of shared 
perceptions regarding long-term changes due to climate change that account for a 
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modified domain of beliefs (see Table 6.12). The ratio of Eigen values below three 
(<3) suggest that farmers’ perceptions do not fit into a consensus model. In other 
words, individual farmers’ perceptions do not agree sufficiently to confirm the 
existence of shared beliefs about long-term changes taking place in the seasonal 
pattern of rainfall. Relatively low average and high variation of competence scores 
further support this suggestion. However, there are no negative competence scores to 
suggest the existence of opposing sets of views. Taken together with the fact that 89 
per cent of farmers recognised that long-term changes in rainfall are occurring, the 
CA results suggest that farmers are yet to find consensus on the type of changes 
actually taking place. 
 
Table 6.12: Output of Consensus Test—Perception of Long-Term Changes in 
Rainfall 
Parameter Value  
Eigen values  
Largest Eigen value  
Second largest Eigen value 
Ratio  
 
52.196 
28.67 
1.82 (<3.0) 
Competence scores 
Highest competence score  
Lowest competence score  
Average  
Standard Deviation 
Coefficient of variation (%) 
Number of negative values 
 
0.885 
0.152 
0.557 
0.189 
34.1 
0 
 
 
Since farmers’ perceptions on long-term changes did not fit into a consensus model, 
there was no answer key that could be interpreted as an inference of shared 
beliefs/perceptions. The fact that farmers’ do not have widely shared perceptions 
regarding the type of changes taking place in the local rainfall due to global climate 
change implies that any adjustments (adaptations) for such changes have to be based 
on their personal experience of change.  There is no shared set of beliefs they can 
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turn to when making adaptation decisions with respect to long-term changes in 
rainfall associated with global climate change.  
 
As discussed in the conceptual framework, forming perceptions about climate change 
implies full or partial replacement of the existing beliefs (NREs) about local rainfall 
shared as a community. It is useful here to examine whether any long-term changes 
indicated by local weather station data justify the modification of the existing beliefs. 
A descriptive statistical analysis was carried out to check for any noticeable changes 
in monthly average rainfall amounts in three consecutive periods extending over 106 
years as follows: 1906–1950 (earliest), 1951–1980 (middle) and 1981–2010 (recent). 
The results of this analysis are presented in Figures 6.6 and 6.7.  
 
 
Figure 6.6: Monthly Average Rainfall in Three Consecutive Periods 
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Figure 6.7: CV of Monthly Rainfall and Rainless Years (%) in 3 Consecutive 
Periods 
 
 
The selection of periods for analysis is somewhat arbitrary. It was done with the aim 
of covering any transition that took place during the span of experience covered in 
the sample, while also including at least 30 years of data in one period. The three 
parameters analysed were the average monthly rainfall, the CV of monthly rainfall 
(%) and the number of rainless years for a given month. According to Figure 6.6, in 
all months but February the recent period has the lowest average. This seems to be a 
result of the progressive decline that took place gradually over the years, as the 
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seemed to be cyclical rather than progressive, as the parameters of the middle period 
(1951-1980) indicate a more stable condition than the recent or the earliest period. In 
general, however, the transition that took place from the middle to recent periods 
appears to be more drastic in all parameters than the transition between the earliest 
and middle periods. Overall, records of the local weather station indicate average 
rainfall in the area has been declining in both Maha and Yala seasons, while the 
fluctuation of rainfall and relative dryness has been increasing.  
 
These long-term trends, however, have not reached a level that alters the overall 
pattern of rainfall in the area. As shown in Figure 6.5, the decline in average rainfall 
appears to be somewhat proportionate over months and therefore the general pattern 
remains more-or-less intact. Therefore, beliefs outlined by the answer keys (Table 
6.10) based on a scale of relative magnitude has not been rendered obsolete by long-
term changes in rainfall patterns and are likely to remain valid for years to come 
unless taken over by rapid, drastic and permanent changes in the local rainfall. 
Nonetheless, farmers seem to have felt the impact of rising turbulence indicated by 
increasing fluctuations and dryness. In spite of that, it is hard to discern the direction 
of gradual changes taking place over cross-generational time spans, individually or 
as a group, especially under conditions masked by inherent natural variability. Hence, 
regardless of farmers sensing the effect of growing randomness, it has not yet given 
rise to collective perceptions of change shared by all or many farmers. This explains 
why farmers’ individual perceptions did not fit into a consensus model, while many 
of them have expressed that long-term changes are actually taking place in the local 
rainfall. From the perspective of adaptation policy, this has strong implications 
towards policy interventions, which is explored further in Chapter 7. 
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This is further confirmed by farmers’ responses against perceived changes. Table 
6.13 presents a summary of individual adjustments reported in the survey.  A 
majority of farmers has made some adjustment against perceived long-term changes 
of rainfall.  Among the most widely adopted adjustments were selection of varieties, 
seasonal selection of crops and adjusting the time of planting. Reported adjustments 
appear more fittingly interpreted as seasonal adjustments to short-term stochastic 
variations, than adaptations against long-term changes in rainfall pattern. It indicates 
possible confusions caused by masking effects of stochastic fluctuations than true 
perceptions of long-term changes.  
 
Table 6.13: Types of Adjustments Reported by Farmers  
Type of Adjustment  No. % 
No adjustments  
Adjustments 
 
Selection of varieties 
Seasonal crop selection 
Time of planting  
Construction of agro-wells 
Use of machinery 
Nursery establishment 
Deep wells 
Early preparation for the sesaon 
65 
116 
 
45 
32 
30 
2 
1 
3 
2 
1 
 
116 
35.9 
64.1 
 
38.8 
27.6 
25.9 
1.7 
0.8 
2.6 
1.7 
0.8 
 
100 
 
 
Overall, the results of the CA conducted on farmers’ expectations and perceptions 
about the variability and changes in local rainfall offer important insights regarding 
their adaptation choices. Firstly, it confirms that farmers’ rainfall expectations are 
underlain by shared beliefs on local rainfall. The existence of shared beliefs implies a 
common influence over farmers’ adaptation decisions in spite of variation in 
individual experiences. This has important behavioural implications on farmers’ 
choices of adaptation, which will be discussed in-depth in the forthcoming sections.  
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6.3 Shared Beliefs and Adaptation Choices 
 
In this section, insights gained from the analysis of farmers’ beliefs and expectations 
will be used to examine how they guide short- to long-term decisions of adaptation 
choices and what type of influence they have on individual and joint adaptations. 
Essentially, it deals with the propositions developed for the second research question. 
The analysis presented in this section is guided by the decision framework discussed 
in Chapter 3. According to that farmers’ adaptation decisions are guided by the 
choice criterion of matching alternatives with rainfall expectations (shared beliefs) in 
order to achieve high expected value gains. Application of this choice criterion has to 
be examined with reference to practical conditions faced by farmers. The results of 
the analysis are presented under the propositions developed for the second research 
problem in Chapter 4. The section begins with a description of actual beliefs on 
seasonal and intra-seasonal variability of rainfall shared by farmers that provide the 
basis for short- to long-term adaptation choices as well as individual and joint 
adaptations.    
 
6.3.1. The Nature of Actual Beliefs Shared by Farmers  
 
In reality, farmers do not hold their beliefs in abstract numerical formats as in Table 
6.10. Instead, they usually hold their beliefs in more concrete formats such as vivid 
mental images of events coloured by affective feelings attached to them (Marx et al. 
2007). Some idea on the nature of beliefs held by farmers was provided by the FGDs, 
which suggest that farmers have beliefs covering the seasonal and intra-seasonal 
variability of rainfall. Farmers’ beliefs about the seasonality of rainfall are encoded 
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in the local agricultural calendar with the two farming seasons of Maha and Yala. 
The period from mid-September to mid-March is recognised as the Maha (major) 
season. The period of high rainfall expectations from October to January outlined in 
the answer key (Table 6.14) corresponds with this season. Farmers have also 
identified the period between mid-March to mid-September as the Yala cultivation 
season. According to the answer key, the only month with relatively high rainfall 
expectations in this season is April (Table 6.14). Hence, Yala is a relatively dry 
period with limited chances for undertaking rain-fed activities compared with Maha. 
The recognised system of agricultural seasons that represents farmers’ beliefs on 
seasonality helps them to match their activities with rainfall expectations on a 
seasonal basis.  
 
 Table 6.14: Beliefs on the Seasonal Distribution of Rainfall 
Period Local Name 
for the 
Season 
Months of High Rainfall  Months of Low Rainfall 
mid-September to 
mid- March 
Maha mid-October to mid-January  mid-September to mid-
October; mid-January to 
mid-March 
mid- March to  
mid-September  
Yala late-March to mid-May mid-May to mid-
September 
 
 
In addition to beliefs on agricultural seasons, the FGDs have revealed that farmers 
have beliefs on rainfall events that help them to form expectations on intra-seasonal 
distribution of rainfall as well. These beliefs are summarised in Table 6.15. The 
information given in the table suggests that the intra-seasonal variability of rainfall is 
covered in quite a subtle manner by beliefs about a sequence of events recognised in 
chronological order, connecting them to religious/social events. Farmers have local 
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terminology to describe the respective events, which is given in the second column 
of the table.22  
 
 Table 6.15: Beliefs Associated with the Intra-Seasonal Distribution of Rainfall 
Month23 Local Name for 
Rainfall Events 
Time of Rainfall Event Nature of Rainfall 
Event  
January 
(Duruthu) 
Duruthu wehihella 
(werahella) 
Throughout the month  Low intense 
continuous rains 
February 
(Navam) 
 Early period of month Scarce occasional 
rains  
March 
(Medin) 
El eta pelawena wehi, 
Tala wehi 
Late period of month Evening rains with 
thunder and 
lightening  
April 
(Bak) 
Bak maha wehi, Tala 
wehi,  
Rainy period can shift (early, 
mid or late)  
Evening rains with 
thunder and 
lightening  
May 
(Wesak) 
Mee mal mandarama, 
Wel mal mandarama  
 Dark cloudy sky 
June 
(Poson) 
Maluwa hedena wehi  After full moon  Scarce occasional 
rains  
July 
(Esala) 
  Scarce occasional 
rains  
August 
(Nikini) 
Nikini palu wehi After full moon Scarce occasional 
rains  
September 
(Binara) 
Binara kaluwa 
Nikini palu wehi, 
Wehi tuna  
A pre-rain period  
Rains after 20 September or 
early October or after full moon 
 
A few intensive rains 
October 
(Wap) 
Wap idella 
Akwessa (Mul wehi) 
Dry spell in the early month 
Rains around or after15 October 
 
Scattered, intensive 
rains 
November 
(Il) 
Il maha wehi,  Rains throughout the month Continuous, intensive 
rains 
December 
(Unduwap) 
 
Undu raluwa 
 
 
Nattal kunatu  
Rains throughout the month.  
Rains during the early to mid-
period (around 15 days) 
Stormy rains in the late month 
(around 20–30 December)  
Continuous, intensive 
rains 
 
 
These beliefs carry information on two major dimensions of events that help to form 
expectations about intra-seasonal variability of rainfall: the usual time and 
intensity/nature of events.  
 
                                                             
22 The word ‘wehi’ refers to rains in Sinhalese. Adjectives that precede the word wehi are local terms 
to describe the usual time and/or nature/intensity of rains expected. Occasionally events are identified 
by purposes intended/fulfilled by them (e.g., Tala wehi, El eta pelawena wehi).  
 
23 The words given in parentheses in italics refer to local names for respective months.  
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x Time of events: Events were connected to months in the local lunar calendar 
or specific religious/social events in the area. This information is contained in 
adjectives used to describe the month of the event (e.g., Duruthu wehihella, 
Bak maha wehi, Il maha wehi, Nikini palu wehi, Undu raluwa) or connected 
with a social/religious milestone (e.g., Maluwa hedena wehi, Nattal kunatu). 
x Intensity/nature of events: Farmers also have a local terminology to describe 
the nature/intensity of rainfall events (e.g., Wehihella, Mandarama, Kaluwa, 
Idella), which is reported in the fourth column of the table. 
 
Farmers’ beliefs described here can be viewed as a local model of rainfall variability. 
It has provided the basis for the abstract model derived from the CA given in Table 
6.10. Information in the abstract model is originated from a set of beliefs about a 
sequence of events commonly held by farmers that can be identified as NREs.  
 
In essence, the farmers’ model covers only the deterministic component of the 
variability.  It cannot take stochastic fluctuations of rainfall into account. Instead, 
farmers are assisted by another set of beliefs that deals with local climate indicators. 
They help farmers to update the NREs to derive SREs. The nature of beliefs on local 
climate indicators and the role played by them in farmers’ decisions on different time 
horizons and collective decisions for joint adaptation are discussed in the section 
6.3.5. 
 
Proposition 2.1: In the long-term, under the common influence of shared beliefs, type 
of adaptation―whether individual or joint―is determined by the ownership rights 
and security of assets   
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6.3.2 Long-term Adaptation Choices: System-Level Adjustments  
 
Long-term adaptations involve system-level adjustments that deal with broad 
prospects of adaptation. Prospects are arrangements that match a broad range of 
activities with farmers’ beliefs about rainfall seasons. Farmers’ beliefs on seasonal 
variability of rainfall outlined in the table 6.14 help to explain choice of adaptation 
prospects in the long run.  Overall, five major prospects of adaptation were identified 
in the study area. They include two primary prospects of adaptation under rain-fed 
conditions and three additional prospects based on structural adaptations of village 
tanks and agro-wells, which are man-made facilities. These major adaptation 
prospects jointly define the local farming system. Table 6.16 summarises these major 
prospects. 
 
Table 6.16: Key Adaptation Prospects in the Study Area  
Season  Water availability 
Rain-fed Tank Agro-well 
Maha Maha rain-fed Maha semi rain-fed  
Yala  Yala rain-fed Yala tank-irrigated Yala well-irrigated 
 
 
Among the feasible arrangements, rain-fed prospects are the most economically 
viable option available for village tank farmers.  
 
Maha rain-fed prospect: Beliefs on high rainfall from October to January provide the 
opportunity for a fully rain-fed prospect. This period covers the farmer-defined Maha 
season and the rain-fed arrangement can be identified as the Maha rain-fed prospect. 
Farmers carry out this prospect by temporal aligning activities based on a 
planting/sowing window that falls around late September to late November so that 
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low rainfall expectations around February and March match with low water-
demanding ripening/harvesting stages of activities.  
 
Yala rain-fed prospect: Similarly, relatively high rainfall expectations indicated for 
the period of late March to early May has offered the opportunity for another rain-fed 
prospect based on a short planting/sowing window in the same period. According to 
farmers’ beliefs, this period marks the beginning of the Yala season and can be 
identified as the Yala rain-fed prospect.  
 
Two rain-fed prospects identified on the basis of local beliefs on seasons can be 
considered the basic or primary prospects of adaptation available for village tank 
farmers. They represent the naturally occurring opportunities for adaptation without 
the aid of any man-made facilities.  Of the two rain-fed prospects, Yala rain-fed is a 
more risky prospect compared with the Maha rain-fed prospect given the fact that 
NREs for the subsequent period after the peak rainfall period of March-April are 
quite low.  
 
High risk indicated by NREs for rain-fed activities in Yala has triggered long-term 
structural adaptations to overcome the situation.  Historically, it has led to 
construction of village tanks, a system of community-owned water harvesting 
facilities that alter the time availability of water by storing the surplus in periods of 
high rainfall to be used in periods of low rainfall.  More recently, agro-wells have 
been adopted as another structural adaptation to enhance the conditions of water 
scarcity in Yala. Agro-wells alter the place availability of water from shallow 
regolith aquifer to farm lands (Panabokke 2008).  
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These structural adaptations have opened up at least three additional prospects of 
adaptation that include Maha semi rain-fed, Yala tank-irrigated and Yala well-
irrigated prospects. 
 
Maha semi rain-fed prospect: Due to relatively high expectations of rainfall over 
nearly four months until January, the only justifiable use of water stored in village 
tanks in Maha is late season supplementing of wetland paddy, a high water 
demanding activity. Unless supported by village tanks, it has to be carried out as a 
rain-fed activity, a risky prospect for high water demanding activity. Therefore, 
wetland paddy is carried out as a semi rain-fed activity, initially depending on local 
rainfall and subsequently supplemented by village tanks that can be identified as the 
Maha semi rain-fed prospect.  
 
Yala tank-irrigated and well-irrigated prospects: In the Yala season, village tanks and 
agro-wells further expand the profile of adaptation prospects by under tank-irrigated 
and well-irrigated conditions. These prospects, however, are highly dependent on the 
water levels of tanks and wells, respectively, and are therefore contingent on the 
early rains in Yala, as well as rainfall in the previous Maha. 
 
Unlike rain-fed prospects, which are feasible in any location whenever rain is 
available, prospects based on village tanks and agro-wells have limitations in terms 
of spatial distribution. They are restricted to locations that can be reached by delivery 
of water from these sources. Supply from tanks is usually available to the main tract 
of paddy fields located below the tanks. Therefore, tank-based prospects, i.e. Maha 
semi rain-fed and Yala tank-irrigated prospects are restricted to the main tract of 
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paddy fields and paddy is the dominant activity under the tank-based prospects. 
Compared with village tanks, agro-wells are usually scattered over a more extensive 
area in the local landscape. However, due to high pumping and delivery costs, water 
availability from wells is usually restricted to a limited area surrounding the wells.  
 
Table 6.17 provides details about farmers’ engagement in respective adaptation 
prospects. It shows their involvement in respective prospects by cascades and by 
location of tanks in the cascades. The figures in the table indicate the number of 
farmers who have carried out at least one activity from the  respective prospects. The 
most widely practised prospect of adaptation is Maha semi rain-fed (97.2%), 
followed by Maha rain-fed (51.4%), Yala tank-irrigated (50.3%), Yala well-irrigated 
(42.5%) and Yala rain-fed (34.3%). This implies that the Maha semi rain-fed 
prospect is the most dominant prospect adopted by nearly all members in the farming 
community. This prospect consists of the single activity of wetland rice.  
 
Table 6.17: Farmers’ Involvement in Adaptation Prospects 
Cascade/location  Maha  
rain-fed 
Maha  
semi rain-
fed 
Yala  
rain-fed 
Yala  
tank-
irrigated 
Yala  
well-
irrigated 
No. % No. % No. % No. % No. % 
By cascade 
Mahakanumulla 21 33.9 59 95.1 20 32.3 27 43.6 24 38.7 
Tirappane 15 25.0 58 96.7 16 26.7 46 76.7 13 21.7 
Periyakulama 57 96.6 59 100 26 44.0 18 30.5 40 67.8 
Total 93 51.4 176 97.2 62 34.3 91 50.3 77 42.5 
By location  
Upstream 38 62.3 61 100 31 50.8 24 39.3 21 34.4 
Midstream 26 43.3 59 98.3 11 18.3 37 61.7 37 61.7 
Downstream 29 48.3 56 93.3 20 33.3 30 50.0 19 31.7 
Total 93 51.4 176 97.2 62 34.3 91 50.3 77 42.5 
 
 
Overall, adaptation prospects based on the Yala season (rain-fed 34.3%; tank-
irrigated 50.3%; well-irrigated 42.5%) were less vigorously pursued by farmers than 
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prospects based on Maha (rain-fed 51.4%; semi rain-fed 97.2%). Altogether, the 
number that has pursued at least one prospect of adaptation in Yala includes 150 
(82.9%) farmers. Not only the number of farmers but the scale of operation involved 
in Yala prospects also was low compared with Maha. Table 6.18 shows the average 
extent of land used for each prospect by households. The scale of operation as 
indicated by the average extent was significantly higher for Maha than for Yala. In 
the case of rain-fed prospects, this was nearly doubled, whereas in tank-based 
prospects (Maha semi rain-fed and Yala tank-irrigated) the gap was close to one acre. 
The scale of operation was smallest for the Yala well-irrigated prospect.  
 
Table 6.18: Scale of Operations under Major Prospects  
Adaptation 
Prospect 
Average 
Extent (Ac) 
Standard 
Deviation 
CV (%) Minimum 
(Ac) 
Maximum 
(Ac) 
Maha rain-fed 2.57 1.60 62.13 7.75 0.25 
Maha semi rain-fed 2.25 1.61 71.40 10.00 0.25 
Yala rain-fed 1.33 1.07 80.35 5.00 0.13 
Yala tank-irrigated 1.36 0.86 63.34 4.00 0.25 
Yala well-irrigated 0.56 0.29 51.51 1.50 0.25 
 
 
6.3.3 Adaptation Prospects and Livelihood Assets 
 
The outline of shared beliefs on seasonal variability of rainfall presented in Table 
6.14 helps to explain farmers’ choice of long-term adaptation prospects.  However, it 
does not necessarily guide understanding of the type of adaptations―whether 
individual or joint―involved with respective prospects. It requires an understanding 
of ownership, access rights and security of livelihood assets. The livelihood assets of 
farmers in the sample included both private and community-owned assets. Among 
the private assets, land assets were the most important.  
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  (a) Maha semi rain-fed (paddy) 
(e) Yala well-irrigated (chili) 
(d) Yala well-irrigation (c) Dry spell in Yala season 
(b) Maha rain-fed (maize) 
(f) Yala well-irriagted (vegetables) 
Figure 6.8: Major adaptation prospects 
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6.3.3.1 Individual Adaptation and Security of Access Rights 
 
Land was the primary asset that provided the basis for different adaptation choices of 
village tank farmers. However, due to temporal scarcity of water indicated by 
farmers’ beliefs on rainfall variability, the type of adaptation—whether individual or 
joint—was primarily determined by the access to water for activities that can be 
carried out in land assets. In the profile of prospects described above, three categories 
can be identified based on the source of water: rain-fed, tank-irrigated and well-
irrigated prospects.  Rain-fed prospects―being the primary source of water freely 
accessible to all whenever available―do not impose any restrictions on individual 
choices of adaptation.  As a result, farmers have undertaken rain-fed prospects as 
individual adaptations even when they were based on land assets with de-facto 
ownership.   
 
There were three types of highland assets available for rain-fed prospects: (a) chena 
lands (traditional slash-and-burn farmlands), (b) mixed-crop home gardens and (c) 
highlands for seasonal crops.  Both Maha rain-fed and Yala rain-fed prospects were 
mainly based on chena lands.  Chena lands do not usually carry legal rights of private 
ownership. Farmers who cultivate them enjoy de-facto individual tenure rights. 
Legally, they belong to the state and some respondents had temporary permits issued 
by the governments. A majority of respondents occupied them as ‘encroachers’ but 
had enjoyed tenure rights for several years without any challenge from the state or 
fellow villagers.  
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However, such rights are not entirely secure and the government had acquired chena 
lands used by several respondents from villages in the Tirappane and 
Mahakanumulla cascades recently as part of the buffer zone of a nearby reserve 
forest. This affected respondents in four villages (Bulankulama, Mahakanumulla, 
Walagambahuwa and Meegassegama) totally and in two villages (Paindikulama and 
Tirappane) partially. Farmers who lost their rights due to this reason had cultivated 
their chena lands for the last time in 2010. 
 
Other than the respondents that had lost their tenure rights in the last two years, 86 
(47.5%) households still had use rights for chena lands. This included 95 per cent of 
respondents from the Periyakulama cascade, 29 per cent from the Mahakanumulla 
cascade and 20 per cent from the Tirappane cascade. Out of this total, 60 per cent of 
farmers had lands of one to three acres in size, whereas 27 per cent had lands larger 
than three acres. Only 13 per cent had chena lands smaller than one acre (Table 6.19). 
 
Table 6.19: Tenure of Chena Lands 
Strata Tank Ownership (Acre) 
None <1 >1-2 >2- 3 >3-4 >4-5 >5 
No. 
(%) 
No. 
(%) 
No. 
(%) 
No. 
(%) 
No. 
(%) 
No. 
(%) 
No. 
(%) 
Upstream 
 
Paindikulama 10 1 2 5 2 - - 
Bulankulama 19 - - 1 - - - 
Padiketuwewa 2 2 9 5 3 - - 
Subtotal for the 
stratum 
31 
(50.8) 
3 
(4.9) 
11 
(18.0) 
11 
(18.0) 
5 
(8.2) 
0 
(0) 
0 
(0) 
Midstream 
 
Walagambahuwa 17 2 2 1 - - - 
Meegassegama 18 - 2 - - - - 
Mawathawewa - 1 3 4 4 1 5 
Subtotal for the 
stratum 
35 
(58.3) 
3 
(5) 
7 
(11.7) 
5 
(8.3) 
4 
(6.7) 
1 
(1.7) 
5 
(8.3) 
Downstream Mahakanumulla 17 1 - - - 1 - 
Tirappane 11 2 5 2 - - - 
Periyakulama 1 2 5 6 3 1 2 
Subtotal for the 
stratum 
29 
(48.3) 
5 
(8.3) 
10 
(16.7) 
8 
(13.3) 
3 
(5.0) 
2 
(3.3) 
2 
(3.3) 
 
Total for the sample 
95 
(52.5) 
11 
(6.1) 
28 
(15.5) 
24 
(13.3) 
12 
(6.6) 
3 
(1.7) 
7 
(3.9) 
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Despite the insecurity of ownership rights, chena lands remain an important part of 
the livelihood assets of the farmers in the area. Many farmers indicated that until the 
acquisition of chena lands, rain-fed prospect, especially in Maha, remained a 
mainstay of their adaptation strategy. Hence, the figures in Table 6.17 underestimate 
the importance of these prospects in the farmers’ livelihoods. A more realistic 
assessment can be obtained by comparing the figures with the actual number of 
farmers who currently have access to chena lands. As given in Table 6.19, only 86 
farmers in the sample currently have access to chena lands. The number of farmers 
reported to have practised rain-fed farming in 2011 Maha exceeds this number and 
23 farmers reported highland plots dedicated for seasonal crops other than chena. 
The number of farmers who had access to either one of these land categories that can 
be used for rain-fed activities in Maha and Yala totalled 97. Table 6.17 indicates that 
out of this, 93 (95.8%) and 62 (63.9%) have taken rain-fed prospects in Maha and 
Yala, respectively. This implies that rain-fed prospect in Maha used to be an equally 
important part of farmers’ adaptation strategies and acquisition of lands has deprived 
a large number of farmers from pursuing this option. 
 
The above discussion underscores a few important facts.  In spite of the common 
influence of shared beliefs, farmers make individual choices of adaptation if their 
actions are not restricted by factors relating to access to water.  When farmers’ get 
free access to water under rain-fed prospects, they make individual choices of 
adaptation even under less secure arrangements of land rights. However, conditions 
attached to security of land rights that provide the basis for individual choices may 
affect individual adaptations. Hence, subject to the situation of access to water, 
security of land rights can affect the individual choices of adaptation. 
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 6.3.3.2 Community-Owned Assets and Joint Adaptation 
 
Compared with rain-fed prospects, farmers’ access to water is restricted under tank-
irrigated prospects. Village tanks are common property resources managed by local 
institutions known as Farmer Organizations (FOs). Farmers’ access to water from 
tanks is governed by FOs that oversee all joint decisions relating to the issuing of 
water from tanks and the operational and maintenance activities of the head 
structures and distribution canals.  
 
A village tank is functioning as an integrated unit of two major components, the tank 
and the command area.  Usually, paddy fields that belonged to all villagers were 
located together in a single large tract in the valley below the village tanks, 
connected by a common canal. This single large tract of paddy fields covered the 
command area of village tanks. The command area of a tank is usually consisted of 
two segments: purana wela (the original tract of fields under the tank) and akkara 
wela (subsequent expansions). Purana wela was the original command area of the 
tank and usually located in the upper tracts of the field closer to the tank.  Akkara 
wela was comprised of grants of one-acre plots given under the command area 
expansions in the 1940s and subsequent expansions by farmers (Witharana 2011). 
Both segments of paddy fields were reported in the survey and a large majority 
(96.7%) owned wetland paddy fields (Table 6.20). The extent of land ownership 
varied from 0.25 to 12 acres. Over 80 per cent of the lands were under three acres 
(>3) in size, and one-third were less than one acre. This indicates that a majority of 
paddy fields were small holdings.  
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Table 6.20: Ownership of Paddy Fields 
 
 
Due to the reasons of common access rights to water harvested in tanks and limited 
availability of water to a restricted portion of land assets (command area), two tank-
based prospects—Maha semi rain-fed and Yala tank-irrigated―were associated with 
joint community-based adaptations.  They were based on the sole activity of wetland 
paddy. Joint adaptation arrangements associated with tank-based prospects included 
two major forms: (a) partially rain-fed farming in the Maha season (Maha semi rain-
fed) and (b) farming under the system known as ‘bethma’ in the Yala season (Yala 
tank-irrigated).   As discussed in section 6.3.2, Maha and Yala seasons represented 
different situations in terms of scarcity of water.  Variable conditions of water 
scarcity have given rise to unique arrangements of joint adaptation under the Maha 
semi rain-fed and Yala tank-irrigated prospects.   
 
In Maha, usually sufficient rainfall is available for rain-fed management of early 
stages of the paddy crop. Therefore, individual farmers were entitled to cultivate 
Strata Tank Ownership (Acre) 
None <1 >1-2 >2- 3 >3-4 >4-5 >5 
No. 
(%) 
No. 
(%) 
No. 
(%) 
No. 
(%) 
No. 
(%) 
No. 
(%) 
No. 
(%) 
Upstream 
 
Paindikulama 1 6 6 3 1 2 1 
Bulankulama 1 8 5 2 1 3 - 
Padiketuwewa - 9 7 3 0 2 - 
Subtotal for the 
stratum 
2 
(3.3) 
23 
(37.7) 
18 
(29.5) 
8 
(13.1) 
2 
(3.3) 
7 
(11.5) 
1 
(1.6) 
Midstream 
 
Walagambahuwa - 5 8 5 2 1 1 
Meegassegama 1 8 5 4 1 1 - 
Mawathawewa - - 12 5 1 - - 
Subtotal for the 
stratum 
1 
(1.6) 
13 
(21.7) 
25 
(41.7) 
14 
(23.3) 
4 
(6.7) 
2 
(3.3) 
1 
(1.7) 
Downstream Mahakanumulla 2 4 7 4 2 1 - 
Tirappane - 7 6 4 1 2 - 
Periyakulama 1 4 5 2 2 2 4 
Subtotal for the 
stratum 
3 
(5) 
15 
(25.0) 
18 
(30.0) 
10 
(16.7) 
5 
(8.3) 
5 
(8.3) 
4 
(6.7) 
 
Total for the sample 
6 
(3.3) 
51 
(28.2) 
61 
(33.7) 
32 
(17.7) 
11 
(6.1) 
14 
(7.7) 
6 
(3.3) 
243 
 
their plots as private lands under common schedules of operational arrangements.  
Common schedules of operational arrangements were negotiated in seasonal 
meetings of FOs.  The main purpose of common schedules was to facilitate the water 
issues from tanks to cover the late season water needs of paddy after the rainy period 
is over.   
 
In Yala, under the conditions of high scarcity of water, private rights for paddy lands 
were controlled in the interest of the whole community under the institutional 
arrangement called bethma (the division). In the bethma system, community 
members collectively decided the total area cultivable with water available in tanks.  
Then this area was divided among all members regardless of the ownership of the 
respective land plots.  The extent of land allocated for individual farmers was 
determined proportionately to the total area of individual land ownership under the 
tank. Usually a section of paddy lands located in the purana wela was used for 
bethma. The bethma system ensured the cultivation of at least a section of paddy 
lands in the Yala season depending on the level of water availability in tanks.  
 
Unlike individual decisions of adaptation, collective decisions on joint adaptation 
require agreement of farmers. As a result, negotiation, implementation and 
monitoring of collective decisions of joint adaptation have to be facilitated by FOs. 
Under the present system, these decisions are taken at seasonal meetings of FOs, 
popularly known as kanna resweem, with the participation of FO members. FOs are 
legally sanctioned local institutions by the Agrarian Development Act of 2000 and 
the government is represented in seasonal meetings by the Divisional Officer (DO). 
DO is the local representative of the Agrarian Development Department (ADD), a 
244 
 
central government agency. The government officers do not participate in 
negotiations but take the official minutes of meetings that would be referred to if any 
issue arises.  Therefore institutional arrangement of FOs can be identified as a 
facilitative type co-management. Shared beliefs (NREs) outlined in the tables 6.14 
and 6.15 and observations of local indicators provide a common basis of 
understanding for agreement among farmers in seasonal meetings. Collective 
decisions taken at the seasonal meetings are jointly implemented by the members of 
FOs and an official known as ‘Wel Vidane24’ (field officer) is appointed by the 
members to supervise the process. 
 
Nearly all respondents (178 of 181) in the sample were FO members. The length of 
their membership varied from two to 35 years, with an average of 14.9. The average 
number of members in each FO was 94; membership varied from 30 to 305 members. 
Forty farmers in the sample had held responsibilities as office bearers of FOs for at 
least one year. Office bearers were elected annually from among FO members 
usually through the consensus of members based on criteria such as farming 
experience, seniority of membership, social standing and leadership qualities. 
 
The economic rationale (in terms of relative value gain potential) of joint adaptation 
can be understood by comparing the value outcomes from wetland paddy under two 
tank-based prospects with highland paddy activity under Maha rain-fed prospect.  
Highland paddy is an activity carried out by a limited number of farmers under rain-
fed management in Maha as an individual adaptation.  Under rain-fed prospects, 
                                                             
24 Wel Vidane is the title formerly used for the village representative who undertook the task of 
supervising decisions taken in the old system of village councils (Gam Sabha).  Farmers still 
informally use the title for FO member they elect for the task of supervising decisions taken at the 
seasonal meetings even though that system was abandoned several years ago.   
245 
 
paddy is usually considered as a high risk activity25.  According to Table 6.21 the 
lowest gross value per acre is reported for the highland paddy in Maha, which is 
below the value of wetland paddy under the tank-irrigated prospect in water scarce 
Yala.  These figures provide an economic justification for the farmers’ decision for 
joint adaptation.  Hence, joint historical (long-term) decisions to construct village 
tanks as well as collective seasonal (short-term) decisions to undertake bethma were 
triggered by expected value gains perceived collectively by farmers with the help of 
shared beliefs (NREs).   
 
Table 6.21: Economic Potential of Paddy under Different Prospects 
Activity Avg. extent 
(Ac.) 
Avg. gross 
value/Ac. (Rs.) 
(Reported) 
Potential gross 
returns/Ac. 
(Rs.) 
(Estimated)* 
Paddy (highland) 1.22 34,495.98 NA 
Paddy (wetland; Maha semi rain-fed) 2.25 52, 614.70** 68,880.00 
Paddy (wetland; Yala tank-irrigated) 1.33 38,559.21 68,880.00 
* Estimated figures are from a published handbook (CIC 2010)  
**This figure is based on the expected yield amounts since the actual values were reported after major 
crop damage.  
 
 
Structural adaptations associated with village tanks are ongoing. FGDs revealed that 
certain abandoned structures (tanks and canals) in villages of Walagambahuwa, 
Tirappane and Mawathawewa have recently been recommissioned through 
restoration thereby changing the profile of prospects available to farmers who are 
benefitting by such actions. As a result, a certain section of farmers who previously 
did not have the Maha semi rain-fed and the Yala tank-irrigated prospects now have 
that opportunity. Another structural adaptation associated with village tanks was 
                                                             
25 Paddy is usually known as a high water-demanding activity and predominantly carried out as a 
wetland activity under the semi rain-fed prospect supplemented by water from tanks. Varieties of 
paddy used in highland activity are the same as in the wetland, but a method of seasoning known as 
kekulan is practised here that improves the tolerance of short-term fluctuations especially during the 
germination stage.  
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expansion of the lowland paddy area beyond the original command area (purana 
wela). Over the years, farmers have further expanded the lowland paddy area by 
asweddumising adjacent lands (akkara wela). Time and again, various agencies and 
projects have also helped farmers expand the paddy area by rehabilitating abandoned 
tanks. 
 
The discussion so far on the long-term adjustment of adaptation prospects and the 
role of ownership/access rights to livelihood assets in individual and joint adaptations 
provides sufficient evidence to support proposition 2.1. It suggests that in the long-
term, type of adaptation decisions, i.e. individual or joint adaptation is determined by 
the nature of ownership/access rights associated with livelihood assets.  The 
discussion underscores a few important points. Shared beliefs on rainfall variability 
provide the basis for individual decisions as well as collective perceptions of gains 
that guide joint decisions of adaptation. Farmers resort to individual adaptations 
whenever their choices are not restricted by conditions relating to access to water.  
This condition is usually fulfilled in the case of rain-fed prospects.  However, in the 
case of village tanks, a long-term structural adaptation that eased the conditions of 
temporal scarcity of water in Yala, farmers’ access to water is governed by common 
ownership rights.  Moreover, the supply of water from tanks is restricted to a section 
of land assets.  In the circumstances, farmers resort to joint adaptation arrangements 
to achieve high expected value gains from paddy, a risky activity under rain-fed 
prospects.  Such arrangements involve a trade-off in private rights to land in 
exchange for commonly held rights to water harvested in tanks.  The level of trade 
off (represented by the level of control on private rights) is determined by the level of 
severity of water scarcity. More stringent controls on private rights are imposed in 
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water scarce Yala. These arrangements have shaped tenure rights of paddy despite 
private ownership titles through a customary system of rights that upheld private and 
community interests depending on the conditions of water scarcity. 
 
Proposition 2.2: In short- to medium-term, adjustments of activity portfolios are 
more often motivated by the changing conditions of demand-side and supply-side 
factors that alter relative value gain potential of activities.  
 
6.3.4 Short- to Medium-Term Adjustments of Activity Portfolios: Prospect-
Level Adjustments  
 
Below the level of long-term adjustment of prospects, short- to medium-term 
adjustments of activity portfolios of prospects take place more regularly.  Unlike 
system level adjustments that are usually based on broad matching of a wide range of 
activities with beliefs on rainfall seasons (Maha and Yala), periodic adjustment of 
activity portfolios requires more subtle matching of individual activities with 
expectations about intra-seasonal distribution of rainfall.  Table 6.22 provides a 
summary of activity portfolios reported under different prospects. Under each 
prospect, it shows major activities and locations (types of land assets) where these 
activities were undertaken, number of farmers that carried out each activity and this 
number as a percentage of total number of farmers that pursued respective prospect. 
Of the five prospects, two tank-based prospects—Maha semi rain-fed and Yala tank-
irrigated—were confined only to paddy fields in the command area of village tanks 
and therefore restricted to the sole activity of wetland paddy. The table indicates that 
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farmers have undertaken six, one and three activities under Maha rain-fed, Yala rain-
fed and Yala well-irrigated prospects, respectively. 
 
Table 6.22: Activity Portfolios under Different Prospects 
Prospect Activities Places of Practice Total No. % 
Maha rain-fed Maize 
Black gram 
Paddy (highland) 
Vegetables 
Chilli 
Cowpea 
Chena, OHL 
Chena, OHL 
Chena 
Chena 
Chena, OHL 
Chena 
81 
24 
16 
9 
5 
1 
87.0 
25.8 
17.2 
9.6 
5.3 
1.0 
Maha semi rain-fed Paddy (wetland) Paddy field 176 100 
Yala rain-fed Gingelly Chena, OHL 62 100 
Yala tank-irrigated Paddy (wetland) Paddy field 91 100 
Yala well-irrigated Chilli 
 
Onion 
 
Vegetables 
Chena, OHL, Paddy 
field 
Chena, OHL, Paddy 
field 
Chena, OHL, Paddy 
field 
43 
 
26 
 
19 
55.84 
 
33.7 
 
24.7 
OHL: Other highlands 
 
 
As explained in the conceptual framework, the selection of activities under given 
prospects involves two steps, namely; technical matching of activities on the basis of 
water requirements of activities with rainfall expectations and, taking up activities 
that fulfil the matching criteria on the priority order of prospective economic returns.  
Table 6.23 presents farmers’ assessments in the FGDs of the water requirements of 
activities in terms of the level of tolerance to short-term rainfall fluctuations. This 
can be considered an outline of farmers’ beliefs regarding the water requirements of 
respective activities.  
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Table 6.23: Farmers’ Assessment of the Level of Tolerance of Major Activities 
to Short-Term Rainfall Fluctuations 
Prospect Crop Stage of growth 
Germination 
stage 
Growing 
stage 
Flowering 
stage 
Harvesting 
stage 
L M H L M H L M H L M H 
Maha semi 
rain-fed 
Maize   √  √   √    √ 
Black gram  √   √   √    √ 
Cowpea  √   √   √    √ 
Paddy (highland)   √ √   √     √ 
Maha rain-
fed 
Paddy (wetland) √   √   √     √ 
Yala rain-fed Gingelly26 √    √   √    √ 
Yala tank-
irrigated 
Paddy (wetland) √   √   √     √ 
Yala: agro-
well 
Chilli  √  √   √   √   
Big onion √   √   √   √   
Vegetables √   √   √   √   
L – Low; M- Medium; H – High  
 
 
According to farmers’ assessments, activities carried out under rain-fed prospects, 
namely; maize, black gram, cowpea, highland paddy and gingelly can be identified 
as more tolerant to dry spells. On the contrary, farmers undertake more sensitive 
activities (i.e., chilli, big onion and vegetables) in Yala under well-irrigation.  Given 
the fact that farmers have higher expectations of rainfall for the Maha season than 
the Yala season, this seems somewhat counter-intuitive.  
 
Ideas expressed by farmers’ in the FGDs may explain this situation. Despite high 
NREs in Maha, direct rainfall as a source of water supply is always susceptible to 
random fluctuations on which farmers do not have control. Hence, activities that are 
sensitive to rainfall fluctuations are vulnerable under rain-fed prospects and likely to 
result in low expected value gains. As a result, rain-fed prospects require activities 
that are tolerant to short-term fluctuations throughout the life cycle of activities. 
                                                             
26 Gingelly is another name for sesame (Sesamum indicum). The word gingelly is used here as it is the 
more widely used term in the agriculture literature in Sri Lanka. It is locally known as Tala in 
Sinhalese 
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Maize (coarse grain cereal), black gram and cowpea (grain legume pulses), highland 
paddy (a cereal conditioned for situation) have been recognised to generate robust 
outcomes (expected value gains) under rain-fed prospects. On the other hand, 
expectations on relatively low fluctuations of rainfall (though with low amount of 
rainfall also) and control over the source of supply appear to give farmers the 
necessary confidence to undertake sensitive activities subject to the supporting 
capacity of agro-wells under the Yala well-irrigated prospect.  
 
In the case of Yala rain-fed prospect, farmers have carried out only one activity, 
gingelly. According to NREs, Yala rain-fed is a high risk prospect carried out using 
the short planting/sowing window offered by the short peak of rainfall expectations 
during the period of late March to early May. The period prior to this 
planting/sowing window offers little opportunity for any kind of preparation since 
they overlap with harvesting and post-harvesting operations of Maha season 
activities. Moreover, prospective land assets (i.e., chena lands) also remain occupied 
by Maha rain-fed activities until a few weeks prior to the Yala planting/sowing 
window. Hence, farmers have to establish Yala rain-fed activities immediately after 
harvesting of Maha rain-fed crops in the same lands with minimum preparation 
leaving seeds to germinate and take off with the onset of Yala rains. After the short 
rainy period, from mid-May onwards the long dry spell of Yala begins, making any 
activity in the field susceptible to water stress. As a result, the Yala rain-fed prospect 
is like a ‘gamble’ that farmers play with weather that could result in a highly variable 
payoff. Farmers have recognised that gingelly is the most secure bet available to 
them in this gamble. In successful years, it has earned substantial cash returns for 
farmers. If rains fail, they abandon the crop and leave the fields to fallow until the 
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next rainy season. Farmers used words with the meaning of ‘gamble’ or ‘lottery’ to 
describe this activity indicating it as a high-risk activity.  
 
The above information gathered in FGDs provides an idea on how major activities  
reported under the Maha rain-fed, Yala rain-fed and Yala well-irrigated prospects 
technically match with NREs outlined in Table 6.15.  Given the cross section nature 
of data, however, the survey cannot provide a definitive idea about what adjustments 
have actually taken place in activity portfolios in the short-to medium-term horizons 
in the recent past. Hence, evidence from a variety of sources including FGDs and 
secondary sources were reviewed to get an idea about the adjustments that have 
taken place in activity portfolios in the past few years.   
 
As discussed in section 6.2.3 farmers’ individual perceptions about ongoing changes 
in local rainfall patterns do not represent a shared domain of beliefs.  As suggested in 
the conceptual framework, such perceptions may take time to become a part of NREs. 
Therefore, in the short- to medium-term horizons NREs can be considered stable and 
chances for rainfall expectations that could motivate a sustained adjustment in 
activity portfolios seemed to be rather low. This is confirmed by the selection of 
individual adjustments farmers mentioned as responses to perceived long-term 
changes (Table 6.13). They can be interpreted more convincingly as seasonal 
adjustments to stochastic variations than responses to long-term changes in rainfall 
pattern27. As a result, the main source of motivation for adjustments in activity 
portfolios over the last few years to last few decades appears to be provided by shifts 
in supply and demand side factors that lead to relative changes in expected value 
                                                             
27 Even though crop selection has been identified as one response in Table 6.13 it refers to seasonal 
decisions of selecting out of the existing portfolios rather than adjusting portfolios.     
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gains of activities. Farmers have made adjustments in activity portfolios in response 
to these changes without amending their beliefs on local rainfall.  
 
Accordingly, many adjustments of activity portfolios in village tank systems in the 
recent past can be considered farmers’ responses to supply-side and demand-side 
factors that were facilitated by rapid commercialisation and modernisation of 
agricultural technologies. Foremost among the supply-side factors was gradual 
adoption of micro-irrigation facilities such as fuel-operated small water pumps and 
conveyance facilities (e.g., plastic hoses) that enabled efficient delivery of water (i.e., 
minimum losses) within the farm. A majority of farmers in the sample had water 
pumps (58.0%). This was associated with technological innovations of high-yielding 
varieties (HYVs) and application of chemical inputs such as fertiliser, pesticides and 
weedicides. Recently, adoption of hybrid seeds helped farmers to raise the volume of 
production of certain activities (e.g. maize) into commercially viable levels. In 
addition, the process has been enhanced by gradual adoption of labour-saving 
devices such as land-preparation machinery (e.g., tractors, harvesters, threshers) that 
helped farmers to overcome shortage of labour and rising cost of wages while 
improving productivity as well. Fifty respondents (27.6%) owned two-wheel tractors 
(2WTs) and seven (3.8%) had four-wheel tractors (4WTs).  
 
In addition to supply-side factors connected to farm productivity, demand-side 
factors relating to market access also have enhanced this process. One such factor 
was penetration of agro-product manufacturers and middlemen into local areas 
offering forward contracts for certain agricultural products that are used as inputs of 
agro-based industries. The main targeted product was maize. Other factors include 
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establishment of the Economic Centre in Dambulla (a regional wholesale market) to 
collect and forward rural agricultural products into urban markets; entry of private 
seed manufacturers with contract farming options for chilli and vegetable seeds, and; 
emergence of locally value-added rice industry with local middlemen (i.e., collectors, 
medium and large scale millers) that were connected to an island-wide distribution 
network. These improvements enhanced the market access for local products in an 
unprecedented manner during the past few decades. As a result, market opportunities 
opened for many products, which have hitherto been undertaken by village tank 
farmers in subsistence scale.  
 
The above-mentioned supply-side and demand-side factors have significantly altered 
the relative potential for value gains of many activities. Farmers have responded by 
making adjustments in activity portfolios of respective adaptation prospects. This has 
mainly affected the activity portfolios of Maha rain-fed and Yala rain-fed prospects. 
The least affected prospect was Yala rain-fed where the sole activity (i.e. gingelly), 
as well as the nature of practice remained virtually unchanged. The activity portfolio 
of Maha rain-fed prospect has undergone the highest degree of modification. The 
traditional characteristics of subsistence farming; extensive nature of farming (low-
input, labor intensive) and diversity (multiple cropping) usually associated with 
Maha rain-fed prospect in the past have drastically been altered.   
 
The same factors have contributed to the long-term structural adaptation of agro-
wells that enabled commercially high-valued activities in Yala using the hitherto 
untapped source of groundwater stored in shallow regolith aquifer. It is a private 
structural adaptation, which has become popular in the last two to three decades. 
254 
 
More than an adjustment in the activity portfolio, adoption of agro-wells has enabled 
an entire portfolio of new activities under the Yala well-irrigated prospect. It has 
been adopted by many farmers in a relatively short period of time despite high 
investment and operational costs. Seventy seven farmers in the sample (42.5%) have 
undertaken activities coming under the Yala well-irrigated prospect and field 
observations suggest that the construction of agro-wells is a rising trend. 
 
Table 6.24: Scale of Operation and Economic Potential of Major Activities 
Prospect 
 
Activity 
 
Avg. extent 
(Ac.) 
Avg. gross 
value/Ac. (Rs.) 
(Reported) 
Potential gross 
returns/Ac. 
(Rs.) 
(Estimated)* 
Maha rain-fed Maize 2.68 30,027.14 70,000.00 
Black gram** 1.51 - 45,000.00 
Yala rain-fed Gingelly 1.36 32,995.55 NA 
Yala well-irrigated Chilli (Yala) 0.47 407,931.60 400,000.00 
Big onion 0.46 168,435.76 600,000.00 
Vegetables 0.39 87,243.75 NA 
* Estimated figures are from a published handbook (CIC 2010)  
**Number of farmers who reported revenues are too few to calculate average values due to crop 
damage 
 
 
Table 6.24 provides a summary of the economic potential of major activities under 
the Maha rain-fed, Yala rain-fed and Yala well-irrigated prospects as reported in the 
survey.  It shows that activities reported under the Yala well-irrigated prospect are 
relatively high-valued activities.  However, the scale of operation of these activities 
was relatively low because of high pumping cost associated with irrigating a larger 
area.  Comparatively, major activities of Maha rain-fed have low potential gross 
returns28.  Being fully rain-fed activities, they were carried out in larger scales of 
operation than Yala well-irrigated activities.  
 
                                                             
28 The actual average gross values reported under the Maha rain-fed prospect cannot be used for 
comparison as those activities have undergone a major crop damage     
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The major adjustments that took place in activity portfolios in the Maha rain-fed and 
Yala well-irrigated prospects as reported in FGDs can be summarised as follows: 
 
Abandoning of traditional activities: A number of activities that fulfilled an 
important role in local food security under traditional systems has gradually 
been abandoned by farmers. Examples of such activities mentioned by 
farmers in the FGDs include finger millet (kurakkan; scientific name: Elucine 
korakana), mustard (aba; scientific name: Brassica juncea), sweet potato 
(batala; scientific name: Ipomea batatas) and cassava (mayyokka, 
maghnokka; scientific name: Manihot utilicima). These were not among the 
major activities reported in the survey and few farmers mentioned them under 
subsistence activities of home gardens. However, they used to be important 
activities in traditional slash-and-burn agriculture (chena) until recently. 
Certain activities that include coarse grains locally known as meneri and 
tana, several local yam species and certain vegetables have completely been 
abandoned and are now rare. 
Adopting new activities: Big onion (loku loonu; scientific name: Allium cepa) 
is one of the activities that has emerged during the last few decades as an 
important commercial activity. In addition, farmers identified certain 
vegetables that were not in the traditional portfolio of activities in either the 
Yala or Maha seasons as new activities. Farmers do not even have traditional 
local names for them.29 Many of these new activities were enabled by agro-
wells in Yala.  
Shifting of activities among prospects: Chilli, an activity earlier practised 
                                                             
29 They usually identify them as exotic types (common prefix rata or place of origin; e.g., Malaysian) 
of physically similar local species. 
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under the Maha rain-fed prospect, has shifted into the Yala well-irrigated 
prospect during the last few decades. It is a highly sensitive activity to rainfall 
fluctuations and was considered to be a risky activity under rain-fed 
prospects. This is also an adjustment enabled by agro-wells. 
Change in varieties: Traditional varieties used in many activities for 
generations have been replaced by locally developed high yielding varieties 
(HYVs) or imported hybrid seeds. HYVs are products of agricultural research 
programs carried out by the government agricultural research stations. 
Varieties used in the activities of paddy, chilli and onion mainly consisted of 
HYVs developed in agricultural stations. Maize and vegetables are activities 
where farmers use imported seeds. According to farmers, the value gain 
potential of maize has been significantly boosted by the introduction of 
imported hybrid seed and forward contracts offered by agro-product 
manufacturers. Even though HYVs developed by research stations are 
available for these activities also, farmers seem to prefer imported seeds for a 
variety of reasons. Overall, the range of varieties used in many activities has 
undergone significant modifications as a part of adjustments made by farmers 
in response to changes brought about by commercialisation.  
 
Proposition 2.3: Updating of expectations (NREs) by individual farmers through 
selective use of local indicators leads to variations in fine-tuning seasonal 
adjustments of operational arrangements of activities 
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6.3.5 Seasonal Adjustments of Operational Arrangements: Fine-Tuning of 
Activities  
 
In every season, village tank farmers adjust the operational arrangements of activities 
in response to stochastic fluctuations of rainfall. They can be regarded as fine-tuning 
adjustments. Local climatic indicators provide clues to updating NREs for making 
such adjustments.   
 
6.3.5.1 Local Climatic Indicators  
 
Table 6.25 summarises the information gathered on local climatic indicators in the 
FGDs. It identifies seven local environmental phenomena that were used by farmers 
as signs/indicators of rainfall events together with types of observations involved and 
time lags of predictions.  Signs/indicators cited in FGDs were closely connected to 
NREs outlined in section 6.3.1 (Table 6.15). Accordingly, early, usual or delayed 
occurrence (or non-occurrence) of events in relation to respective milestones 
provides the basic foundation for farmers to update their expectations. Usually 
farmers seem to be alert over more than one indicator and, when several indicators 
support their expectations; their confidence on the likelihood of an event would also 
rise. On the other hand, when indicators contradict expectations, farmers would be 
more cautious in their decisions.  
 
Different signs have variable time lags of prediction that may extend from a few 
hours to a few months. FGDs revealed that observations on wind/sky/clouds, local 
hydrological phenomena and thermal changes in the environment in general are 
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widely observed signs. In comparison, cosmological phenomena, indicator species 
and observations on animal/plant behaviour are now used less frequently. Farmers 
suggested that less knowledge and changed attitudes of the younger generations 
about certain signs/indicators and difficulty of observing those phenomena due to 
changes taken place in local environment as major reasons for this situation. For 
instance, certain animal/plant behaviours have become rare observations due to the 
clearance of local forest patches that no longer be relied upon for regular decision-
making.  
 
As evident from farmers’ responses in the FGDs and other interactions during the 
fieldwork of the study, confidence in the reliability of different indicators appears to 
vary among individual farmers. As a result, farmers use signs/indicators in a 
selective manner depending on their level of confidence in respective signs. This 
leads to the differential updating of rainfall expectations even for the same activity, 
thereby leading to variations in decisions on operational arrangements such as the 
timing of operations and the selection of varieties.  
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Table 6.25: Summary of the Local Climate Indicators  
Signs, indicators 
& predictors 
Nature of observations Time lag of forecast Remarks 
Beliefs about 
rainfall events 
connected to 
milestones 
Occurrence of expected 
events in relation to 
milestones (early, usual, 
late or non-occurrence) 
Serve as predictors of 
immediate events as 
well as general 
projections about 
season to come  
Appears to be the most 
important indicators for 
the seasonal updating 
of rainfall.  
Observations on 
wind, sky and 
clouds 
Direction, speed and 
nature of wind movement 
Specific cloud formations, 
cloudiness and colour of 
the sky 
Occurrence of fog, mirage 
etc.  
Serve as short-term 
predictors of rainfall 
events to come. Time 
lag may be around 1-
10 days  
Commonly observed 
indicators along with 
the predictions based 
on events connected to 
milestones. 
Local 
hydrological 
phenomena 
Water level, spread area 
and spilling of tanks  
Water level of wells  
General indicators of 
rainfall potential of 
the unfolding season 
Essential observations 
taken into 
consideration when 
decisions on joint 
adaptation are taken. 
Farmers have identified 
‘indicator’ tanks and 
wells. 
Thermal changes 
in the 
environment 
Sudden changes in 
temperature in notable 
manner (warm or cold) 
especially in morning and 
night times 
Short-term predictors 
of weather events 
with a few days’ time 
lag  
There is a natural 
tendency among 
farmers to take such 
changes as signs of 
forthcoming weather 
events.  
Cosmological 
phenomena  
Visibility and brightness of 
stars  
Width and intensity of aura 
of moon  
Short-term predictors 
of weather events 
with a few days’ time 
lag 
Generally held beliefs 
that can strengthen the 
confidence on other 
predictors when they 
coincide with them.  
Resurgence of 
indicator species  
Sudden rise in insect 
populations (mosquitoes, 
fire flies) 
Appearance of certain 
species of animals (e.g., 
birds)  
Short-term predictors 
of rainfall events with 
a few days’ time lag 
Generally held beliefs 
that can strengthen the 
confidence on other 
predictors when they 
coincide with them. 
Specific 
observations on 
animal behaviour 
and local fauna  
Nesting behaviour of 
certain bird species 
Relative abundance of 
flowering and fruiting of 
local tree species 
Predictors with 
relatively longer time 
lags that may vary 
from few weeks to 
few months; usually 
of rainfall conditions 
of forthcoming 
season  
Respected as local 
wisdom yet with 
limited current use. 
Limited experience and 
knowledge in young 
farmers. Changes in the 
local environment (e.g., 
clearing of forests) 
have made them 
obscure. 
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6.3.5.2 Timing of Operations 
 
Figures 6.8 and 6.9 show the variation in timing of establishment of major activities 
under the Maha semi rain-fed and Yala rain-fed prospects. These prospects were 
selected 30  as they were single activity prospects that allows for comparison. 
According to Figure 6.9, the time of establishment of paddy in Maha spread over an 
extended period from early September to late December. Distribution is concentrated 
around the late-October to late-November period in which nearly 70 per cent of 
farmers have undertaken establishment. This period is considered to be the accepted 
sowing/planting window. Similarly, accepted sowing/planting window for gingelly 
in the Yala rain-fed prospect appears to fall on early March to early April period 
(Figure 6.10).  
 
 
Figure 6.9: Time of Field Establishment—Wetland Paddy under Maha Semi 
Rain-Fed 
                                                             
30 In the case of Maha rain-fed and Yala well-irrigated prospects, the reported major activities vary 
among farmers and therefore individual variations in timing cannot be compared. 
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 As explained in the conceptual framework, scattered timing of establishment over an 
extended period can be explained by the concept of optimal planting/sowing dates. 
Accordingly, the scattered timing of establishment reflects the individual variations 
in the judgement of optimal planting dates for a given season, which is an outcome 
of the different updating of expectations through the selective use of local 
indicators/signs and local variations in rainfall patterns.  
 
 
Figure 6.10: Time of Field Establishment—Gingelly under Yala Rain-Fed 
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by rainfall expectations; they adjust the timing of activities under agro-wells more 
freely to anticipate better prices. As a result, the time of field establishment of 
activities under the Yala well-irrigated prospect was scattered over a relatively 
extended period compared to rain-fed or semi rain-fed prospects (Figure 6.11). 
However, within this broad interval, two major activities chilli and big onion appear 
to be concentrated in separate time periods with limited overlap. Establishment of 
chilli has concentrated in the short interval of April to May, whereas big onion 
follows from May to July. The reason for this variation in timing can be explained by 
differences in harvesting patterns of the two activities. Once it has reached the fruit 
bearing stage, harvesting of chilli is done over a period extending for several weeks. 
On the contrary, big onion is an activity with a single harvest. As a result, farmers 
have to carry out the establishment of chilli in advance. This suggests that under 
well-irrigated prospects, farmers’ adaptation choices are determined not only by 
updated rainfall expectations but also by market signals.  
 
 
Figure 6.11: Time of Field Establishment—Yala Well-Irrigated 
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6.3.5.3 Selection of Varieties 
 
Whenever farmers diverge from the optimal range, they appear to undertake 
adjustments to make out for their deviations. The most important adjustment is 
selection of varieties. This can best be demonstrated in the case of paddy where 
farmers select varieties in quite an intentional manner. There is an elaborate series of 
paddy varieties classified according to the period of maturity (e.g., short-maturing 
varieties, long-maturing varieties) using an alphanumerical code. 31  Farmers 
recognise short-maturing varieties as bala wee32 and long-maturing varieties as wedi 
mahalu wee. 
 
Figures 6.12 and 6.13 show how farmers adjust the selection of varieties depending 
on the time of establishment. A dominant group of varieties adopted by farmers was 
three and half months (3.5) varieties and farmers who undertook field establishment 
within the accepted range of sowing/planting window used this category. Relative to 
this group of farmers, early and late establishers made adjustments by selecting either 
long-maturing varieties (by early establishers; 4.5 and 4) or short-maturing varieties 
(by late establishers; 3). Given the low number of farmers in early and late categories, 
this fact is somewhat obscure in Figure 6.12 where the vertical axis represents the 
number of farmers in different time segments. However, a very contrasting pattern 
can be observed in Figure 6.13, where the vertical axis represents the percentage of 
farmers in each time segment.  
 
                                                             
31 For instance, BG 358 refers to a variety that developed in the Batalagoda research station, and the 
number 358 indicates it is a variety that matures around three and a half months. Similarly, three-
month varieties are given a code around 300 and four-month varieties have a code around 400.  
32 The word wee means paddy in Sinhalese. 
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Figure 6.12: Time of Establishment and Selection of Varieties—Number of 
Farmers by Time Segments 
 
 
 
Figure 6.13: Time of Establishment and Selection of Varieties—Percentage of 
Farmers by Time Segments 
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FGDs revealed that farmers also use a selection of varieties as an adjustment to 
balance erratic changes in rainfall detected against their normal expectations. 
Accordingly, the selection of varieties is highly dependent on starting dates and 
intensity of rainfall during the early period of the season. For instance if rains delay, 
farmers switch from long-maturing (4–5 months) to short-maturing (3 months) 
varieties. Similarly, low intensity rains during the early period of the season motivate 
farmers to select drought-tolerant varieties. This implies that farmers use a selection 
of varieties as fine-tuning adjustments in operational arrangements subject to the 
updating of seasonal rainfall expectations. 
 
6.4 Household Adaptivity 
 
The third research question sought to identify the factors that could lead to individual 
variation in adaptation choices.  In Chapter 3, the concept of household adaptivity 
was introduced as a behavioural parameter that reflects individual variations in 
adaptation. The basic argument involved is that household adaptivity―being a 
parameter characterizing the overarching propensity to adapt subject to common 
influence of shared beliefs―is a better representative of individual variation in 
adaptation than arbitrary representations based on one or more selected activities of 
adaptation. Adaptivity was measured in terms of selected dimensions of the actual 
outcome of adaptation choices in a given household.  The level of adaptivity was 
presumed to be determined by a selection of household specific variables identified 
in a two-step process. In the first step, a few areas of interest (broad factors) were 
identified based on the review of theory and literature.  The rationale for selection of 
respective areas of interest for analysis was discussed in Chapters 2 and 3. In the 
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second step, conceptual understanding gained in the first step was used to identify a 
set of more specific variables coming under respective broad factors that were 
applicable in the case of village tank farmers.  Identification of variables to represent 
five areas of interest and theoretical expectations for these variables were discussed 
in Chapter 4.  
 
In this section, results of the regression analysis carried out to test the hypotheses on 
factors affecting household adaptivity are presented. In the analysis, a group of 
explanatory variables (Table 6.28) that were categorised under five areas of interest, 
namely; risk perceptions, farmers’ experience, adaptive capacity, other household 
factors and external interventions were regressed against a set of dependent variables 
selected to represent household adaptivity and its constituent dimensions.  
 
The procedure of hypotheses testing was carried out in two steps. In the first step, 
three multiple linear regression models were estimated to identify the effects of 
selected explanatory variables on three dependent variables (Table 6.29) selected to 
represent three dimensions of adaptivity. In the second step, another three multiple 
linear regression models were estimated by regressing the same set of independent 
variables with three indices developed to represent household adaptivity. The models 
estimated in the first and second steps of hypotheses testing are presented in Tables 
6.29 and 6.30, respectively. The aim of adopting a two-step process was to gain an 
understanding of the factors affecting household adaptivity with the connection to its 
constituent dimensions.  
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6.4.1 Major Dimensions of Household Adaptivity 
 
Three variables selected to represent three dimensions of household adaptivity were 
the number of prospects covered, total extent under all prospects and ratio of total 
extent to total endowments. These three variables, summarised in Table 6.26, stood 
for diversity, scale and asset use intensity of household adaptive responses, 
respectively. The number of prospects was a discrete-count variable with natural 
order. The other two variables were continuous variables.  
 
Table 6.26: Summary of the Three Dimensions of Household Adaptivity 
Variable Mean Mode Std. 
Deviation 
Min. Max 
Number of prospects 
Total extent under all prospects (acres) 
Ratio of extent under all prospects to 
total endowments 
- 
4.88 
0.99 
3 
- 
- 
0.99 
2.91 
0.30 
1 
0.5 
0.33 
5 
13.5 
1.88 
 
 
Histograms presented in Figure 6.14 show the distributions of these variables. 
According to the figure, all three variables seem to follow distribution patterns that 
approximate the normal distribution thereby suggesting an asymptotically normal 
situation. Therefore, these variables were used in the regression models without 
subjecting to any transformations.  
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Figure 6.14: Histograms of Dimensions of Adaptivity 
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6.4.2 Adaptivity Indices 
 
In the second step of hypotheses testing, selected independent variables were 
regressed with three indices developed to represent household adaptivity. The three 
indices were computed using the above-mentioned variables, namely; number of 
prospects, total extent under all prospects and ratio of total extent to total 
endowments that were selected to represent the three constituent dimensions of 
household adaptivity. All three variables were used in computing each index but 
different methods of calculation were used. The methods used to compute the three 
indices were discussed in section 5.2.5.1, and statistics of the indices were 
summarised in Table 6.27. All three were continuous variables. 
 
Table 6.27: Summary of Adaptivity Indices 
Variable Mean Std. Deviation Min. Max 
Adaptivity index 1 
Adaptivity index 2 
Adaptivity index 3 
17.73 
0.43 
0.62 
18.91 
0.13 
0.19 
0.25 
0.15 
0.22 
121.0 
0.84 
1.17 
 
 
Histograms of the three adaptivity indices are shown in Figures 6.15 and 6.16 
respectively. According to Figure 6.15, AI-1 apparently follows a non-normal 
distribution pattern. It was transformed into natural log form of the variable. The 
transformed variable seems to follow an asymptotically normal distribution as shown 
in the second histogram of Figure 6.15. The transformed variable was used in the 
regression analysis. Figure 6.16 shows that adaptivity indices 2 and 3 were gross 
approximations of the normal distribution. They can be considered to follow an 
asymptotically normal distribution. Hence, they were used as dependent variables in 
regression models without subjecting to any transformations.  
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Figure 6.15: Histograms of Adaptivity Index 1 
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Figure 6.16: Histograms of Adaptivity Indices 2 And 3 
 
 
The above-mentioned six variables (constituent dimensions and adaptivity indices) 
were used as dependent variables in multiple linear regression models estimated to 
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test hypotheses in the two-step process. The two steps each included three regression 
models.  
 
6.4.3 Independent Variables 
 
Fourteen variables coming under five areas of interest (broad factors) that have been 
presumed to affect household adaptivity were selected as independent variables:  
 
x Experience: Education-experience interaction; Holding of office in FOs 
x Risk perceptions: Priority risk: rainfall fluctuation 
x Adaptive capacity: Land availability; Labour availability; Ownership of agro-
wells by location (3 variables); Gross total earnings (Ln transformed); share 
of farm revenue 
x Other household: Whether belonged to higher age category; Whether located 
in the Mahakanumulla or Periyakulama cascades (2 variables) 
x External interventions: Whether or not affected by acquisition of chena land 
 
Independent variables included five continuous variables, four binary dummies and 
two categorical dummies. Altogether, there were 14 variables with five categories of 
two categorical dummies. The statistical summary of independent variables is given 
in Table 6.28.  
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Table 6.28: Summary of Explanatory Variables—Models on Factors Affecting 
Household Adaptivity 
Variable 
 
Dummy 
variables 
Mean Std. 
Deviatio
n 
CV 
(%) 
Range 
1 0 
Education-experience interaction 
 
Office bearer (Farmer Org.) 
 
Risk perceptions 
 
Land availability: seasonal (acres)  
 
Labour availability (no.) 
 
Ownership of Agro-wells (by 
location) 
Upstream 
Midstream 
Downstream 
 
Affected by acquisition of chena  
 
Total gross earnings (Ln) 
  
Share of farm earnings 
 
Age category (>55 yrs.)  
 
Cascade:  
Mahakanumulla 
Periyakulama 
- 
 
39 
 
50 
 
- 
 
- 
 
 
 
37 
39 
23 
 
86 
 
- 
 
- 
 
63 
 
 
57 
58 
- 
 
133 
 
122 
 
- 
 
- 
 
 
 
135 
133 
149 
 
86 
 
- 
 
- 
 
109 
 
 
115 
114 
72.19 
 
0.23 
 
0.29 
 
3.80 
 
2.54 
 
 
 
0.21 
0.22 
0.13 
 
0.50 
 
12.40 
 
0.65 
 
0.37 
 
 
0.33 
0.34 
35.82 
 
0.421 
 
0.455 
 
2.538 
 
1.109 
 
 
 
0.412 
0.419 
0.314 
 
0.501 
 
0.902 
 
0.351 
 
0.483 
 
 
0.472 
0.474 
49.6 
 
183.0 
 
156.9 
 
66.8 
 
43.7 
 
 
 
196.2 
190.4 
241.5 
 
100.0 
 
7.3 
 
54.0 
 
130.5 
 
 
143.0 
139.4 
3-165 
 
0-1 
 
0-1 
 
0.25-11.0 
 
0-6 
 
 
 
0-1 
0-1 
0-1 
 
0-1 
 
9.22-14.14 
 
0-1 
 
0-1 
 
 
0-1 
0-1 
 
 
6.4.4 Factors Affecting Household Adaptivity: Effects on Dimensions 
 
In this section, results of the models estimated in the first step of hypotheses testing 
are discussed. Results of the models are presented in Table 6.29. In the discussion, 
attention is mainly directed to the sign (direction of the relationship; + or -) and the 
level of significance of β coefficients and Beta coefficients (relative contribution) of 
respective variables. They are the key parameters required for testing of hypotheses.  
 
The effects of different independent variables on the three dimensions of household 
adaptivity are discussed under the respective areas of interest (broad factors) they 
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represent. The three models had R2 values of 0.50, 0.84 and 0.19 for dependent 
variables of number of prospects, total extent and ratio of total extent to total 
endowments, respectively. Three models had nine, five and six statistically 
significant variables, respectively. A better understanding of the effect of each 
independent variable on respective dimensions of adaptivity can be obtained by 
examining them individually with relevant areas of interest they represent. The 
discussion begins with the effect of variables that represent the perception of risk of 
respondents.  
 
6.4.4.1. Perception of Risk 
 
The factor of risk perception was examined based on rankings of risks by 
respondents. Accordingly, it was represented by a binary dummy variable on whether 
respondents have ranked rainfall fluctuation as the priority risk or not. It was 
expected that respondents who perceived the rainfall fluctuation as the priority risk 
would be more adaptive than respondents who gave priority to other risks. 
Coefficients of these variables in all three models on dimensions of adaptivity have 
confirmed this expectation with a positive (+) relationship. However, it was not 
significant at less than 10 per cent in any of the estimated models, and the relative 
contribution indicated by Beta coefficient also seems to be marginal. 
 
6.4.4.2 Experience 
 
Personal experience of respondents was covered by two variables in the models, 
namely, interactive term of education level and number of years in farming and a 
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binary dummy variable on whether they have held officer responsibilities in FOs. 
Both can be regarded as proxies for personal experience, one being a continuous 
variable and the other being a dummy. Theoretical expectations on both variables 
were to have positive relationships with the respective dimensions as well as the 
adaptivity as a whole. Signs (+) of both variables in models on three dimensions 
confirm this expectation. They both have significant relationships at one per cent 
(education-experience interaction) and 10 per cent (FO officer) levels with number of 
adaptation prospects. Their relative contributions to that dimension also were high as 
indicated by high Beta coefficients. However, their relationship with other two 
dimensions, namely; total extent and ratio of total extent to the total endowments 
were non-significant and low relative contributions were indicated by Beta 
coefficients. 
 
6.4.4. 3 Adaptive Capacity 
 
The effects of household adaptive capacity was represented by seven independent 
variables: total land availability for seasonal activities; total labour available for 
farming; ownership of agro-wells (by location; upstream, midstream and 
downstream), total gross earnings and share of farm income. The first two variables 
were measured as continuous and discrete number variables respectively whereas the 
third and fourth were represented by dummy variables (one categorical and one 
binary). The last two variables were represented by a log-transformed continuous 
variable and a ratio variable respectively.  The overall effect of these variables 
represented a complex relationship between household adaptivity and the dependent 
variables. 
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Table 6.29: Estimation Results for Factors Affecting Household 
Adaptivity―Effects on Dimensions 
Independent variables  Dependent variable: Number 
of prospects 
Dependent variable: Total 
extent under all prospects  
Dependent variable: Intensity 
of asset use 
Coefficients  Coefficients Coefficients 
b St. 
error 
Beta b St. 
error 
Beta  b St. 
error 
Beta 
 
 
Experience 
 
 
 
 
Risk 
perception 
 
 
Adaptive 
capacity 
 
 
 
 
 
 
 
 
 
 
 
 
 
Other 
household 
 
 
 
 
External 
Interven. 
 
Constant 
 
Edu-exp. 
interaction 
Office bearer 
(FO) 
 
Priority risk: 
rainfall 
fluctuation 
 
Land 
availability: 
seasonal  
Labour 
availability 
Agro-wells(by 
location) 
      Up 
       Mid 
      Down 
Total gross 
earnings  
Share of farm 
earnings  
 
Age category 
(higher)  
Cascade: 
Mahakanumulla 
Periyakulama 
 
Affected by 
acquisition of 
chena  
-0.433 
 
0.005*** 
 
0.268* 
 
 
0.195 
 
 
 
-0.038 
 
 
0.048 
 
 
 
0.294* 
0.513*** 
0.155 
0.242*** 
 
0.693*** 
 
 
-0.325** 
 
 
-0.195 
-0.438** 
 
-1.028*** 
 
 
1.116 
 
0.002 
 
0.149 
 
 
0.138 
 
 
 
0.034 
 
 
0.052 
 
 
 
 0.173 
0.175 
0.193 
0.089 
 
0.231 
 
 
0.138 
 
 
0.154 
0.205 
 
0.177 
 
 
 
0.174 
 
0.112 
 
 
0.089 
 
 
 
-0.097 
 
 
0.054 
 
 
 
0.121 
0.212 
0.053 
0.224 
 
0.244 
 
 
-0.157 
 
 
-0.092 
-0.208 
 
-0.517 
 
-4.555** 
 
0.005 
 
0.279 
 
 
0.048 
 
 
 
0.956*** 
 
 
0.003 
 
 
 
-0.233 
-0.072 
-0.513 
0.479** 
 
0.721* 
 
 
-0.362 
 
 
-0.925*** 
-0.925*** 
 
-0.294 
 
1.845 
 
0.003 
 
0.247 
 
 
0.228 
 
 
 
0.056 
 
 
0.086 
 
 
 
0.287 
0.290 
0.319 
0.147 
 
0.382 
 
 
0.228 
 
 
0.255 
0.339 
 
0.293 
 
 
 
0.061 
 
0.040 
 
 
0.008 
 
 
 
0.831 
 
 
0.001 
 
 
 
-0.033 
-0.010 
-0.060 
0.151 
 
0.087 
 
 
-0.060 
 
 
-0.150 
-0.150 
 
-0.050 
 
-0.661 
 
0.001 
 
0.048 
 
 
0.013 
 
 
 
-0.011 
 
 
0.004 
 
 
 
-0.139** 
-0.079 
-0.161** 
0.129*** 
 
0.360*** 
 
 
-0.083 
 
 
-0.037 
-0.185** 
 
-0.128* 
 
0.437 
 
0.001 
 
0.058 
 
 
0.054 
 
 
 
0.013 
 
 
0.020 
 
 
 
0.068 
0.069 
0.076 
0.035 
 
0.091 
 
 
0.045 
 
 
0.061 
0.080 
 
0.069 
 
 
 
0.122 
 
0.066 
 
 
0.019 
 
 
 
-0.088 
 
 
0.013 
 
 
 
-0.187 
-0.108 
-0.180 
0.389 
 
0.413 
 
 
-0.131 
 
 
-0.058 
-0.286 
 
-0.210 
 
N 
R2 
172 
0.502 
172 
0.841 
172 
0.190 
*** p < 0.01  ** p < 0.05  * p < 0.10  
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Out of these variables, the total labour available for farming, though confirmed to 
have expected sign (+) in three estimated models on dimensions of adaptivity, was 
not statistically significant in any of the models. Land availability for seasonal 
activities has reported negative relationships with number of prospects and ratio of 
total extent to total endowments against the theoretical expectations. However, these 
relationships were statistically non-significant. In contrast, it was the main variable 
that affected the dependent variable of total extent under all prospects. It had a 
positive and statistically significant relationship (1%) with a high Beta coefficient 
indicating an overwhelming relative contribution to the model.  
 
A complex situation could be observed in the case of agro-wells. Despite the 
importance of agro-wells as a significant asset that opens up the opportunity for an 
entire prospect of well-irrigated activities, it was observed in the field study that 
importance assigned by farmers to agro-wells varied from place to place. As a result, 
interaction effect of ownership of agro-wells and location of tanks in cascades (i.e., 
upstream, midstream, downstream) was tested in the models. This proved to be a 
useful strategy as the effect of agro-wells appears to vary by location. It had 
significant positive relationships with the number of prospects in upstream (10%) 
and midstream (1%) locations of cascades. Its relative contributions also were high in 
those locations. In the case of downstream tanks, it reported a non-significant 
negative relationship with the number of prospects. It had negative relationships with 
total extent and ratio of total extent to total endowments in all locations which 
contradicts theoretical expectations.  
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Household earnings were represented by two variables in the models, namely total 
gross earnings and share of farm income. Both were continuous variables. Positive 
relationships were expected in the case of both variables. Estimated regression 
models supported this expectation by statistically significant positive relationships 
recorded by these variables with all three dimensions. Relative contributions (Beta 
coefficients) of these variables in the models were also high.  
 
6.4.4.4 Other Household Factors 
 
The two other household factors tested in the estimated models were age category 
and location. It examined whether households headed by persons over 55 years of 
age, which usually depend on contributions of aged parents and unmarried children, 
were in an unfavourable position in terms of household adaptivity compared with 
households with younger household heads. This was mainly based on the observation 
made during the fieldwork of the study that livelihoods of mature respondents were 
usually restricted to a few activities. Accordingly, a negative relationship was 
expected for this variable. As expected, the variable had negative coefficients with 
all three dimensions and the relationship with the number of prospects was 
significant (5%).  
 
Finally, the effect of the location factor was examined using two categorical dummy 
variables to represent cascades. Tirappane cascade was taken as the reference 
category and two dummy variables were created to represent Mahakanumulla and 
Periyakulama cascades. No prior expectations were made regarding the sign of the 
relationship except that the general anticipation that it (location factor) could be 
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significant. Mahakanumulla and Periyakulama had negative relationships with all 
three dimensions. In case of Periyakulama, all these relationships were statistically 
significant at one per cent and five per cent. This implies that relative to the reference 
category of Tirappane, households located in Periyakulama cascade were negatively 
affected in case of all three dimensions.   
 
6.4.4.5 External Interventions   
 
The only variable considered under the external interventions was a dummy variable 
that signified whether farmers were affected by acquisition of chena lands by the 
government. Acquisition represented a situation that deprived a significant section of 
farmers of their traditional de-facto endowments of chena lands. Since, chena lands 
were directly involved with activities in three out of five prospects, it is logical to 
expect that acquisition would negatively affect household adaptivity. This 
expectation was strongly confirmed by negative relationships with all three 
dimensions with high level of significance and high relative contributions.  
 
Overall, the models estimated on three dimensions of household adaptivity 
underscore a few important points. Firstly, effects on different variables on 
respective dimensions were not similar in the case of all variables. This was 
particularly highlighted in the cases of land availability for seasonal activities and 
ownership of agro-wells. While the former had confirmed the theoretically expected 
positive relationship with the scale dimension, its effect on diversity and intensity 
dimensions were negative though non-significant. Similarly, ownership of agro-wells 
had theoretically expected relationship only with the number of prospects (diversity). 
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It had negative relationships with the scale and intensity dimensions of household 
adaptivity. Secondly, even when the independent variables had the same relationship 
(direction) with all dimensions, they were not equally significant in all estimated 
models. The highest number of significant variables was reported in the case of 
number of prospects (9 out of 14) followed by intensity (6) and scale (5) dimensions 
respectively. The overall effect of independent variables on household adaptivity can 
only be understood by examining their effect on adaptivity indices (see section 6.4.5). 
 
6.4.5 Factors Affecting Household Adaptivity: Effects on Adaptivity Indices 
 
Three models estimated in the second step of hypotheses testing had R2 values of 
0.55, 0.52 and 0.52. It implies that the selected set of variables explain the variation 
of three adaptivity indices roughly to the same extent. They had close to an equal 
number of significant variables (7, 8 and 7), out of which six were common to all 
three models. This indicates that despite differences in method of computation, three 
adaptivity indices were affected by the selected set of independent variables in quite 
similar manner. The effects of individual variables on three adaptivity indices are 
discussed here beginning with risk perception.  
 
6.4.5.1 Risk Perception 
 
As in the case of models estimated on dimensions of adaptivity, the coefficient of the 
risk perception variable had a positive (+) but statistically non-significant 
relationship with all adaptivity indices. This implies that risk perception in the way it 
has been examined in the study did not have an important effect on household 
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adaptivity. However, this result has to be interpreted cautiously, as risk perception 
was examined in the survey in a limited manner using only one variable; risk 
rankings.   The basic issue involved here is farmers’ perceptions were measured in 
terms of their general ranking of risks without focusing on domain specific issues of 
rainfall variability/change.  Results suggest that farmers’ general perceptions of risk 
may not have a significant influence over their household adaptivity.  Instead, it may 
need to focus on more domain specific perception regarding climatic risks.   
 
6.4.5.2 Experience 
 
When the effect of experience on adaptivity indices is concerned, both variables had 
theoretically expected positive relationship with all adaptivity indices. The variable 
on education-experience interactive effect was significant at 10 per cent (AI-1) and 
five per cent levels in all three models with comparably high Beta coefficients 
(relative contributions). Dummy variable of whether held office in FOs had a 
significant relationship (10%) only with AI-3, which had a higher weight attached to 
the dimension of diversity (number of adaptation prospects). Overall, these results 
indicate that personal experience is an important and significant factor that affects 
household adaptivity positively. As shown in the models estimated in step one of the 
testing procedure, it affects household adaptivity mainly through the number of 
prospects rather than scale or asset use intensity. In other words, households headed 
by respondents with high personal experience in farming tend to pursue more 
adaptation prospects than households headed by respondents with less personal 
experience. Despite the low influence of variables representing experience over scale 
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and intensity dimensions, their strong relationship with the dimension of diversity 
have secured a significant overall effect on household adaptivity.  
 
6.4.5.3 Adaptive Capacity 
 
As in the case of models estimated in step 1, total labour available for farming, 
(though it had the expected sign) did not show a significant relationship with any one 
of the adaptivity indices. This looks somewhat counter intuitive as many farmers are 
dependent on household labour for adaptive actions. This can partly be explained by 
relatively low variation of the labour availability variable measured by number of 
labour force members (15 yrs. <HH members< 65 yrs.) minus number engaged in 
formal employment. Better results could have been expected if the labour availability 
was measured in actual number of labour days in farming. However, given no farm 
records were maintained by farmers on labour use, this data was not collected as it 
had to depend heavily on farmers’ ability to recall.  
 
The land availability for seasonal activities had a positive significant relationship 
(1%) with AI-1 and AI-2. Even though it had a positive relationship with AI-3 as 
well, it was not statistically significant. It seems that despite negative relationships it 
reported with diversity and intensity dimensions, the strong positive relationship with 
the scale dimension ensured positive and significant relationships with AI-1 (1%) 
and AI-2 (5%). Due to the high weight given for the number of prospects in the AI-3, 
the significance of the land availability variable fell below 10 per cent.  
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Table 6.30: Estimation Results for Factors Affecting Household 
Adaptivity―Effects on Adaptivity Indices 
Independent variables  Dependent variable AI-1 Dependent variable AI-2 Dependent variable AI-3 
Coefficients  Coefficients Coefficients 
b St. 
error 
Beta b St. 
error 
Beta  b St. 
error 
Beta 
 
 
Experience 
 
 
 
 
Risk 
perceptions 
 
 
Adaptive 
capacity 
 
 
 
 
 
 
 
 
 
 
 
 
 
Other 
household 
 
 
 
 
 
External 
interventions 
Constant 
 
Edu-exp. 
interaction 
Office bearer 
(FO) 
 
Priority risk : 
rainfall 
fluctuation 
 
Land 
availability: 
seasonal  
Labour 
availability 
Agro-wells(by 
location) 
-Upstream 
-Midstream 
-Downstream 
Total gross 
earnings  
Share of farm 
earnings  
 
Age category : 
aged  
Cascade: 
Mahakanumulla 
Periyakulama 
 
 
Affected by 
acquisition of 
chena  
-3.780 
 
0.004* 
 
0.218 
 
 
0.163 
 
 
 
0.168*** 
 
 
0.041 
 
 
 
0.014 
0.148 
-0.079 
0.399*** 
 
1.176*** 
 
 
-0.300* 
 
 
-0.285 
-0.725*** 
 
 
-0.644*** 
 
1.332 
 
0.002 
 
0.178 
 
 
0.165 
 
 
 
0.040 
 
 
0.062 
 
 
 
0.207 
0.209 
0.231 
0.106 
 
0.276 
 
 
0.165 
 
 
0.184 
0.245 
 
 
0.212 
 
 
 
0.103 
 
0.072 
 
 
0.059 
 
 
 
0.339 
 
 
0.036 
 
 
 
0.004 
0.049 
-0.022 
0.292 
 
0.327 
 
 
0.115 
 
 
-0.107 
0.273 
 
 
-0.256 
 
0.215 
 
0.001** 
 
0.031 
 
 
0.016 
 
 
 
0.012** 
 
 
0.004 
 
 
 
-0.007 
0.019 
-0.025 
0.046*** 
 
0.118*** 
 
 
-0.041** 
 
 
-0.035* 
-0.075*** 
 
 
-0.095*** 
 
0.149 
 
0.000 
 
0.20 
 
 
0.018 
 
 
 
0.004 
 
 
0.007 
 
 
 
0.023 
0.023 
0.023 
0.012 
 
0.031 
 
 
0.018 
 
 
0.021 
0.027 
 
 
0.024 
 
 
 
0.153 
 
0.094 
 
 
0.053 
 
 
 
0.217 
 
 
0.032 
 
 
 
-0.023 
0.059 
-0.063 
0.310 
 
0.306 
 
 
-0.147 
 
 
-0.120 
-0.263 
 
 
-0.350 
 
-0.244 
 
0.001** 
 
0.048* 
 
 
0.029 
 
 
 
0.009 
 
 
0.007 
 
 
 
0.012 
0.053 
-0.015 
0.062*** 
 
0.164*** 
 
 
-0.063** 
 
 
-0.048 
-0.105*** 
 
 
-0.163*** 
 
0.214 
 
0.000 
 
0.029 
 
 
0.026 
 
 
 
0.006 
 
 
0.010 
 
 
 
0.033 
0.034 
0.037 
0.017 
 
0.044 
 
 
0.026 
 
 
0.030 
0.039 
 
 
0.034 
 
 
 
0.165 
 
0.103 
 
 
0.067 
 
 
 
0.118 
 
 
0.040 
 
 
 
0.026 
0.118 
-0.026 
0.291 
 
0.294 
 
 
-0.155 
 
 
-0.115 
-0.253 
 
 
-0.417 
 
N 
R2 
172 
0.556 
172 
0.524 
172 
0.528 
*** p < 0.01  ** p < 0.05 * p < 0. 1 
 
 
As far as ownership of agro-wells is concerned, its relationship with household 
adaptivity was non-significant in all the adaptivity indices. Despite the seemingly 
contradictory nature of this result, it can be explained in a plausible manner once the 
nature of the well-irrigated prospect is taken into consideration. As shown in Tables 
6.18 and 6.24, average scale of operations of well-irrigated activities was usually low 
despite relatively high potential earnings per unit area. It implies that farmers have 
undertaken high-valued activities in a lower scale under agro-wells. Hence, despite 
opening up a new prospect, agro-wells’ contribution to the scale and intensity 
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dimensions of adaptivity is usually low compared with activities under other 
prospects. This was reflected in the negative relationships it had with those 
dimensions thereby helping to explain the non-significant impact it had on household 
adaptivity overall. This result is consistent with the general observation that agro-
well farmers appear to be an emerging class of commercial farmers who focus on 
high-valued activities in relatively low extents with limited engagements with other 
activities.  
 
Both variables that represented household earnings—total gross earnings and share 
of farm income—had significant positive relationships with all adaptivity indices, 
implying that household adaptivity would increase with total earnings in general and 
with rising share of farm earnings in particular. Relative contributions (Beta 
coefficients) of these variables in the models were also high. The positive effect of 
these economic parameters seems to have transcended constituent dimensions to 
result in a high overall influence over household adaptivity.  
 
6.4.5.4 Other Household Factors 
 
The variable on age category had statistically significant negative relationships with 
all three adaptivity indices. Its consistent relationship with constituent dimensions as 
well as adaptivity indices suggests that age structure of household members have a 
strong effect on household adaptivity.  
 
Location in the Periyakulama cascade had negative relationships with all adaptivity 
indices that were statistically significant at one per cent and five per cent. Although 
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the variable for location in the Mahakanumulla cascade also had negative 
relationships, they were not significant. The overall effect of this variable has to be 
interpreted with relation to the reference category, location in the Tirappane cascade. 
It implies that relative to households located in the Tirappane cascade, the level of 
household adaptivity is declining in the households located in the Periyakulama and 
Mahakanumulla cascades. The decline was significant in the case of households 
located in the Periyakulama cascade. This confirms the theoretical expectation that 
parameters determined by the location and other physical factors could also 
significantly affect household adaptivity.  
 
6.4.5.5 External Interventions 
 
As in the previous models, the dummy variable that stood for whether farmers were 
affected by acquisition of chena lands by the government had statistically significant 
negative relationships with all adaptivity indices confirming theoretical expectations. 
It had high Beta coefficients as well. The significance of this variable in all the 
estimated models indicate that the acquisition of chena lands have adversely affected 
household adaptivity.  Overall, it implies that state interventions can lead to 
conditions that affect household adaptivity in a negative manner despite intended 
social benefits of such interventions―conservation of forest resources in this case.  
 
6.4.5 Factors Affecting Household Adaptivity: An Assessment 
 
An overall assessment of the hypothesis testing emphasises some important findings. 
All independent variables had theoretically expected signs in their relationships with 
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the adaptivity indices. Out of them, six variables—education-experience interaction, 
acquisition of chena, total gross earnings, share of farm income, age category and 
location (Periyakulama)—had statistically significant relationships with all adaptivity 
indices. In addition, land availability for seasonal activities reported significant 
relationships with AI-1 and AI-2. Variables, location (Mahakanumulla) and office 
bearer of FO had significant relationships with AI-2 and AI-3, respectively. This 
result suggests that despite some contradictory results at the first step with different 
dimensions, selected variables confirm the theoretical predications of hypotheses 
overall.  
 
Models estimated in the first step help to explain certain aspects relating to the 
overall relationship between selected independent variables and household adaptivity. 
It suggests that some variables may affect constituent dimensions in a different 
manner influencing the overall effect they had on household adaptivity. Examples 
were ownership of agro-wells and land availability for seasonal activities. These 
variables had varied effects over three constituent dimensions that influenced the 
overall effects they had with adaptivity indices. Even though they had expected signs 
in their relationships with all adaptivity indices, ownership of agro-wells was not 
significant in any model whereas land availability for seasonal activities fell below 
the required level of significance in the model with AI-3. Experimental changes 
made in the computing of AI-3 further helped to identify the nature of influence that 
different dimensions have on household adaptivity. In AI-3, additional weight was 
given to the diversity dimension (number of prospects). As a result, the dummy 
variable for whether farmers held office in FOs has become significant with AI-3 
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while land availability for seasonal activities fell from its significance. This 
corresponds with the relationships they had with the diversity dimension.  
 
As far as the three adaptivity indices are concerned, despite the differences in 
methods of computation, their relationships with selected independent variables 
appear to be quite consistent. This is indicated by close R2 values and significance of 
more or less the same set of variables with the three adaptivity indices. Moreover, 
results of the models estimated in the second step seem to logically correspond with 
the models estimated in the first step with respective dimensions. This suggest that 
variables selected to represent different dimensions and adaptivity indices computed 
using them are sufficiently robust measures of the concept of household adaptivity 
they stand for individually and together. 
 
6.5 Factors Affecting the Outcomes of Surprise Climate Shocks 
 
Results of the model estimated to test the hypotheses on factors affecting the 
sensitivity to surprise rainfall shocks are presented in this section. As in the case of 
factors affecting household adaptivity, testing of hypotheses was done by comparing 
the sign and statistical significance of β coefficients and relative contribution (Beta 
coefficients) of respective variables with theoretical expectations.  
 
6.5.1 Perceived Losses: Outcome of Surprise Rainfall Event 
 
The dependent variable of the estimated model was perceived losses due to rainfall 
shock. Statistical summary of this variable is given in Table 6.31. 
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Table 6.31: Statistical Summary of the Dependent Variable—Perceived Losses 
Variable Mean Std. Deviation Min. Max 
Perceived loss (Rs.) 
Perceived loss per acre 
(Rs.) 
59,143.97 
27,602.72 
50,072.60 
13,938.77 
2800.00 
2800.00 
392,000.00 
93,866.67 
 
 
Figure 6.17 shows the distribution pattern of the dependent variable. As the 
histogram indicates a non-normal pattern of distribution, it was transformed into Ln 
form. The second histogram in the figure suggests the converted variable 
approximates a normal distribution more closely. It can be regarded as 
asymptotically normal. The Ln form of the variable was used to estimate the 
regression model and therefore the model had a log-linear specification.  
 
6.5.2 Independent Variables  
 
Thirteen variables coming under five areas of interest that were hypothesised to have 
impact over the outcomes of surprise rainfall shock were selected as independent 
variables. They included five continuous variables, four binary dummy variables and 
two categorical dummy variables:  
 
x Level of surprise: Expectation on monthly rainfall fluctuation: high/low 
x Information alertness: Whether respondents have regular attention on 
media weather coverage  
x Experience: Education-experience interaction; Holding office in FOs 
x Vulnerability: Exposure by field extent; Timing factor of exposure (Early 
establishment, late establishment); Age category (Young, Aged); Whether 
belonged to Upstream 
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x Coping capacity: Labour availability per unit land of exposure; Labour 
engaged in formal occupations; Earnings from non-farm sources 
 
A statistical summary of these independent variables is provided in Table 6.32.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.17: Histograms of Dependent Variable 
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Table 6.32: Statistical Summary of Independent Variables 
Variable 
 
Dummy 
variables  
Mean Std. 
Deviation 
CV (%) Range 
1 0 
 
Expectation on monthly 
rainfall fluctuation: high 
 
Regular attention on media 
weather coverage  
 
Education-experience 
interaction 
 
Office bearer (Farmer Org.) 
 
 
Exposure by field extent 
  
Timing factor of exposure 
Early establishment 
Late establishment 
 
Age category  
Young  
Aged 
 
Upstream 
 
Labour availability: per unit 
land of exposure 
 
Labour engaged in formal 
occupations  
 
Earnings from non-farm 
sources (Ln) 
 
111 
 
 
120 
 
 
- 
 
 
39 
 
 
- 
 
 
27 
23 
 
 
25 
62 
 
60 
 
- 
 
 
- 
 
 
- 
 
 
 
61 
 
 
51 
 
 
- 
 
 
132 
 
 
- 
 
 
144 
128 
 
 
146 
109 
 
111 
 
- 
 
 
- 
 
 
- 
 
 
0.65 
 
 
0.70 
 
 
73.01 
 
 
0.23 
 
 
2.19 
 
 
0.16 
0.13 
 
 
0.15 
0.36 
 
0.35 
 
1.75 
 
 
0.39 
 
 
8.17 
 
 
0.479 
 
 
0.459 
 
 
35.355 
 
 
0.421 
 
 
1.468 
 
 
0.366 
0.342 
 
 
0.354 
0.482 
 
0.479 
 
1.603 
 
 
0.663 
 
 
5.15 
 
 
73.7 
 
 
65.6 
 
 
48.4 
 
 
183.0 
 
 
67.0 
 
 
228.8 
263.0 
 
 
236.0 
133.8 
 
136.8 
 
91.6 
 
 
170 
 
 
63.0 
 
 
0-1 
 
 
0-1 
 
 
3-165 
 
 
0-1 
 
 
0.25-8.0 
 
 
0-1 
0-1 
 
 
0-1 
0-1 
 
0-1 
 
0.17-12.0 
 
 
0.17-12.0 
 
 
0-13.8 
 
 
 
6.5.3 Factors Affecting the Outcome of Surprise Rainfall Events 
 
Table 6.33 presents details on the estimated model. The model has a R2 = 0.557 
indicating over 55 per cent of the variation of the dependent variable is explained by 
the selected group of independent variables. The effect of individual variables on the 
dependent variable is discussed under areas of interest represented by them.  
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Table 6.33: Summary of Explanatory Variables Model—Factors Affecting the 
Outcome of Surprise Rainfall Shocks  
Independent variables  Dependent variable: 
LnPerceivedLoss 
Coefficients  
b St. error Beta 
 
 
Level od 
surprise 
 
Information 
alertness 
 
Experience 
 
 
 
Vulnerability 
 
 
 
 
 
 
 
 
Coping 
capacity  
 
 
Constant 
 
Expectation on monthly rainfall 
fluctuation: high/low 
 
Regular attention on media weather 
coverage  
 
Education-experience interaction 
Office bearer (Farmer Org.) 
 
 
Exposure by field extent   
Timing factor of exposure 
Early establishment 
Late establishment 
Age category  
Young  
Aged 
Upstream 
 
Labour availability: per unit land of 
exposure 
Labour engaged in formal occupations  
Earnings from non-farm sources 
10.087*** 
 
-0.226** 
 
 
0.039 
 
 
0.001 
0.090 
 
 
0.338*** 
 
0.258* 
0.326** 
 
0.128 
0.064 
-0.144 
 
-0.099** 
 
0.237** 
-0.019* 
0.221 
 
0.105 
 
 
0.107 
 
 
0.002 
0.121 
 
 
0.040 
 
0.137 
0.143 
 
0.156 
0.114 
0.102 
 
0.036 
 
0.087 
0.011 
 
 
-0.122 
 
 
0.020 
 
 
0.041 
0.043 
 
 
0.560 
 
0.106 
0.126 
 
0.051 
0.035 
-0.078 
 
-0.179 
 
0.177 
-0.108 
 N 
R2 
171 
0.557 
 
 
6.5.3.1 Level of Surprise 
 
Although surprises result from a   failure of expectations, the level of surprise caused 
by a shock could be expected, to be influenced by farmers’ normal expectations for 
the period of shock. Accordingly, farmers who expected high fluctuations for the 
month of January would be less surprised by the event thereby absorbing the shock 
with less damage. Therefore, a negative relationship was expected. The estimated 
model confirmed this by a statistically significant negative coefficient for the 
variable concerned. A Beta coefficient also indicated a relatively high contribution. 
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This suggests surprise caused by an extreme event may not be equal for all farmers 
and connected with the NREs.  
 
6.5.3.2 Information Alertness 
 
Farmers who regularly watch the media coverage of weather were presumed to incur 
lower perceived losses due to their information alertness. However, the estimated 
model cannot confirm this expectation as the coefficient was not significant.  
 
6.5.3.3 Experience 
 
Experience was covered by the same two variables that represented this factor in the 
models on household adaptivity. It was expected that a high level of experience 
would reduce the perceived losses (negative coefficient). Both variables reported 
coefficients that were statistically non-significant thereby no conclusions could be 
drawn.  
 
6.5.3.4 Vulnerability 
 
A main parameter that determines vulnerability to a surprise shock is exposure. 
Exposure to the shock was covered by variables of total extent of paddy exposed to 
the shock and time factor of exposure. Time factor of exposure was determined by 
the time of establishment which was represented by two categorical dummies for 
‘early’ and ‘late’ having ‘usual’ as the reference category. All three variables have 
statistically significant positive relationships with the dependent variable. This  
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implies that perceived losses increased as the area exposed to the shock increased 
and farmers who established early and late incurred more losses than those who 
established at the usual time. In terms of relative contribution (Beta coefficient), the 
extent of exposure was the most important variable. While this seems quite plausible, 
further explanation is necessary regarding the impact of the time factor of exposure. 
A loss due to surprise rainfall shock depends on the sensitivity of the stage of activity 
at the time of exposure. The above result suggests that paddy crops of both early and 
late established farmers were at more susceptible stages to the shock than those of 
farmers who established at the usual time. However, this is entirely coincidental and 
the outcome may been different if the shock was delayed a couple of weeks. Overall, 
the result implies that the extent and time of exposure are the most important 
variables that determine the outcome of surprise shocks. Further, time factor of 
exposure is entirely a chance factor that may vary according to the time of the shock.  
 
Unlike in the case of household adaptivity, the factor of age categories was 
considered here as a matter of vulnerability. However, instead of two categories 
(below and above 55 yrs.), three categories were identified as follows: <35 yrs. 
(young); 35 yrs. < (middle age) < 55 yrs.; >55 yrs. (aged). Two categorical dummies, 
with ‘middle age’ as the reference category, were used in the regression and positive 
coefficients were expected for selected categories. The coefficients were not 
significant.  
 
As the main damage was caused by flash floods due to extreme rainfall, upstream 
locations were expected to incur lower levels of damage since they did not get 
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surplus water from other tanks. Accordingly, a negative relationship was expected. 
However, this variable was also not significant.  
 
6.5.3.5 Coping Capacity  
 
The estimated model suggests that other than the variables that determine the level of 
exposure, the capacity of households to respond to the shock is the next most 
important factor. The factor of household capacity to respond to the shock was 
represented by three variables, namely; labour availability per unit land of exposure, 
labour engaged in formal occupations and, earnings from non-farm sources. It was 
expected that perceived losses would decrease when labour per unit land of exposure 
and earnings from non-farm sources increases implying negative relationships. They 
represent the capacity of farmers to face the shock in terms of resource availability. 
On the other hand, when more household members was engaged in formal 
employment that labour cannot easily be released to respond to the shock. As a result, 
high perceived losses were expected implying a positive relationship. Estimated 
coefficients confirmed these expectations and all of them were statistically 
significant. Beta coefficients of these variables also were high indicating greater 
relative contributions.  
 
Overall, seven out of 13 independent variables had statistically significant 
relationships at 10 per cent or higher levels with signs as expected. The model 
suggests that variables represented the interest areas of exposure to the shock and 
household capacity to respond to the shock were the most important variables to 
explain the outcome of the surprise rainfall shock. This seems to be quite plausible.  
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However, it is necessary to offer explanations for variables that have reported 
coefficients inconsistent with expectations. They include two variables that 
represented experience.  This can be compared with the model results on factors 
affecting household adaptivity where experience had significant positive 
relationships with all dependent variables concerned. These results seem to suggest 
that despite the important contribution by experience to build up household 
adaptivity, it becomes a less important factor when it comes to facing surprise shocks, 
which is counter-intuitive. A plausible explanation for this situation is concerned 
with the significance of variables representing the exposure to the shock. Taken 
together with the contribution of experience for household adaptivity, it is quite 
likely that many experienced farmers had a higher level of exposure to the shock 
than less experienced farmers did. Given the overwhelming effect of the exposure on 
the outcome, positive relationships were indicated for variables that represent 
experience, against the theoretical expectations. This seems to be a reasonable 
explanation that is consistent with the results of the study in general.  
 
The other variable that did not confirm  theoretical expectations was attention on 
media weather coverage. Effectiveness of media weather coverage for alerting 
farmers about surprise shocks depends on two parameters, namely, accuracy of the 
coverage and farmers’ confidence in them. As far as data gathered on climate 
information in the survey was concerned, farmers’ confidence on media coverage of 
weather appears to be quite poor despite the fact that many reported that they 
regularly watch them. They complained about the poor local focus of media weather 
coverage as a major weakness. In the case of accuracy of media weather coverage, 
no credible sources of information are available to assess the situation. Hence, 
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inconsistent results of the model with connection to this variable can be an outcome 
of both, poor accuracy and lack of confidence. 
 
6.6 Chapter Summary 
 
The main findings of the study presented in this chapter can be summarised as 
follows. The CA results suggest that there is a sufficient level of agreement in 
farmers’ rainfall expectations to confirm the existence of a single domain of beliefs 
on local rainfall shared by all farmers. A comparison of the beliefs in the CA answer 
key with the average rainfall patterns indicated by local weather data suggests that 
the beliefs are reasonably consistent with the observed regional pattern. However, the 
CA results do not confirm the existence of shared perceptions about long-term 
changes in local rainfall due to global climate change. It seems that although farmers 
have sensed that familiar rainfall patterns are changing, a consensus on the nature of 
changes taking place is yet to emerge.  
 
This chapter also provided supporting evidence on propositions for the second 
research question, which answers in detail how farmers’ beliefs influence their 
decisions on different time horizons and collective decisions for joint adaptation. The 
decision criterion of the subjective matching of rainfall expectations seems to 
plausibly explain farmers’ choices on adjustments in major prospects, activities 
coming under them and the operational arrangements of activities. While the 
empirical evidence from the primary and secondary data gathered in the study cannot 
be regarded as conclusive proof of the decision criterion, they appear to support the 
propositions reasonably well. Overall, farmers’ choices of adjustments at respective 
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levels of the decision hierarchy cover a limited scope, indicating the relatively 
uniform influence of shared beliefs on them.  
 
The findings of the study further suggest that within the limited scope of choice, 
variations in the level of household adaptivity can be observed among individual 
farmers’ choices of adaptation. Household adaptivity was measured as a composite 
index of three constituent dimensions that represented diversity of choice, scale of 
operation and intensity of asset use. Econometric models estimated to test the 
hypotheses on factors determining the level of household adaptivity have reported 
that variables representing personal experience, household adaptive capacity, age 
composition, location and interventions by the state affect household adaptivity in a 
statistically significant manner. 
 
Finally, the chapter presented the results of the econometric model estimated to test 
the hypotheses on factors governing the outcomes of surprise rainfall events. The 
most important variables that explain the variation in outcome (i.e., perceived loss) 
are those representing the exposure to the shock and the household coping capacity 
to respond to the shock. It further suggests that the level of surprise created by the 
shock may not be equal for individual farmers and expectations about fluctuations 
could reduce the element of surprise associated with it. General and specific 
conclusions that can be drawn from the results presented in this chapter and policy 
implications emanating from those conclusions are discussed in Chapter 7.  
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Chapter 7: Conclusions and Policy Implications 
 
 
This chapter presents the conclusions, limitations of the study, policy implications 
and requirements of further research. It begins with a brief overview of the study.  
The study examined the adaptation behaviour of village tank farmers in Sri Lanka.  It 
recognised that farmers’ shared beliefs on rainfall were a key to understanding their 
adaptation behaviour. Accordingly, farmers’ rainfall expectations were presumed to 
be based on a shared set of beliefs.  This belief-based system of expectations has 
been proposed as a theoretical tool explain farmers’ decisions. Farmers were 
presumed to make their adaptation decisions using a criterion identified as the 
subjective matching of rainfall expectations. Furthermore, observed variation in 
farmers’ adaptation choices was assumed to be determined by household adaptivity, 
a parameter that characterises a household’s propensity to adapt. Climate surprises 
were identified as failures of rainfall expectations.  
 
The overall problem of farmers’ adaptation behaviour was examined under four 
interconnected research questions. The questions sought to examine whether farmers’ 
rainfall expectations represent a shared domain of beliefs and if so, can they help 
perceiving the general pattern of variability and long-term changes in local rainfall, 
consistently.  Research further examined how those beliefs guide the adaptation 
decisions on different time horizons and joint adaptation. The study also sought to 
explore what factors lead to variations in individual adaptation decisions despite 
common influence of shared beliefs and what determine household sensitivity to 
surprise rainfall events when farmers’ beliefs on rainfall appear to fail. The study 
empirically tested few selected factors that were presumed to affect the level of 
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household adaptivity. Finally, it explored the factors that have led to varying 
household outcomes due to a surprise rainfall event that took place in 2011.   
 
7.1 Conclusions 
 
The conclusions drawn in this section cover both theoretical and empirical answers 
to these research questions with other supportive details.  
 
7.1.1 Conclusions on Research Question 1 
 
Do farmers’ have shared beliefs that lead them to identify the general pattern of 
variability and long-term changes in rainfall and are these perceptions 
consistent with the patterns observed in local weather data? 
 
This research question has two parts: whether farmers have shared 
beliefs/perceptions on the average pattern of variability and long-term changes in 
local rainfall and, if so, are they consistent with trends indicated by local weather 
data?  Results of the study have shown that normal rainfall expectations (NREs) of 
farmers represent a single domain of beliefs thereby confirming the existence of 
shared beliefs on the average pattern of variability of local rainfall. These beliefs 
appear to be reasonably consistent with the average pattern of rainfall data from local 
weather stations, thereby confirming the reliability of farmers’ beliefs as a guide to 
adaptation decisions against persistent variability of rainfall.  
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As far as farmers’ perceptions about long-term changes in local rainfall patterns due 
to global climate change were concerned, the study indicates a mixed result.  While 
the majority of farmers (84%) have responded that long-term changes have taken 
place, the farmers’ responses regarding the nature of long-term changes in rainfall in 
major seasons do not fit into a consensus model. This denies the existence of shared 
perceptions about long-term changes in the seasonal pattern of local rainfall that 
amount to an evolving set of beliefs. Even though descriptive statistical analysis of 
local rainfall data over the last 105 years has shown certain changes in local rainfall 
patterns, they were not large enough to alter the pattern indicated by shared beliefs 
on the average pattern of variability. This implies that long-term changes have not 
rendered the rainfall patterns indicated by farmers’ beliefs obsolete.  
 
The results also suggest that certain systematic biases may be associated with 
farmers’ beliefs, as indicated by the overestimated number of rainy days in high 
rainfall months and the underestimated number of rainy days in low rainfall months. 
Expectations of a high level of fluctuation in January, the month of the recent 
surprise rainfall event, suggests that beliefs may also be susceptible to bias towards 
recent events, at least in the short run.  
 
In summary, the results of the study provide ample evidence to conclude that farmers’ 
NREs represent a shared domain of beliefs, but they do not confirm the existence of 
shared perceptions about long-term changes in local rainfall due to global climate 
change. 
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7.1.2 Conclusions on Research Question 2 
 
How do farmers’ shared beliefs guide decisions on different time horizons and 
joint adaptation decisions? 
 
The study’s conclusions regarding how farmers’ shared beliefs guide adaptation 
decisions on different time horizons and collective decisions on joint adaptation were 
drawn from theoretical concepts as well as empirical results. The theoretical 
component suggests that farmers’ beliefs on rainfall enable them to make adaptation 
choices by subjectively matching choices with rainfall expectations. This is a 
heuristic-like criterion used by farmers subject to cognitive limitations and the 
ambiguity of rainfall variability. The conceptual framework further suggests that 
farmers use the criterion of matching rainfall expectations at three levels of 
adaptation decisions: prospect-level adjustments, activity-level adjustments and 
operational-arrangement adjustments. However, these theoretical ideas cannot be 
considered a conclusive answer to this research question as the proposed decision 
criterion is only a logical construct based on insights from the theoretical and 
empirical literature.  
 
Empirical findings can be considered a test of the theoretical answer to a research 
question. The proposed decision framework is based on a belief-based system of 
rainfall expectations. The confirmation of shared beliefs by CA partly supports the 
validity of conclusions based on the framework. In addition, the empirical findings of 
the study further strengthen the validity of the above theoretical answers, as 
summarised below.  
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Details gathered in the study suggest that farmers’ beliefs are elaborate and 
dependable enough to support a variety of their adaptation decisions. They provide a 
basis for matching choices with rainfall expectations about seasonal and intra-
seasonal rainfall events, guiding their decisions on prospect-level and activity-level 
choices, respectively. In the long-term, beliefs on the seasonal pattern based on two 
farmer-defined seasons Yala and Maha appear to have provided the basis for 
structural adaptations relating to village tanks and agro-wells that have expanded the 
profile of primary rain-fed prospects by at least three additional prospects. In the 
short- to medium-term, farmers’ adjustments in activity portfolios seem to be 
triggered by changes in supply and demand side factors relating to activities while 
staying under relatively stable beliefs about inter-seasonal variability of  rainfall. 
Farmers have made adjustments in the activity portfolios of recognised prospects by 
abandoning certain traditional activities, adopting new activities, shifting activities 
among prospects and replacing traditional varieties with HYVs. Beliefs on local 
climate indicators help farmers’ choices further by updating rainfall expectations and 
enabling them to fine-tune operational arrangements. At the level of operational 
arrangements, the differential updating of beliefs has led to increased individual 
variation in adjustments, particularly in the timing of operations.  
 
As far as decisions on joint adaptations are concerned, they were connected to 
specific arrangements of ownership rights to livelihood assets. Such arrangements 
have evolved in association with long-term structural adaptation of village tanks to 
overcome the conditions of temporal scarcity of water indicated by farmers’ beliefs.  
As a result, such joint adaptations were confined to prospects involved with the 
activity of wetland paddy.  The local institution of Farmers Organization facilitated 
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joint adaptations of wetland paddy and specific arrangements of joint adaptations 
were determined by the level of water scarcity indicated by farmers’ beliefs.  
 
Overall, the results of the study support the conclusion that farmers’ shared beliefs 
on local rainfall guide a wide range of adaptation decisions taken at long-, medium- 
and short-term horizons. This provides evidence to support the theoretical idea that 
beliefs help farmers’ adaptation choices through the subjective matching of rainfall 
expectations. Hence, it can also be concluded that this decision criterion of subjective 
matching is broadly consistent with the empirical findings of the study.  
 
7.1.3 Conclusions on Research Question 3 
 
How do factors identified from different areas of interest lead to individual 
variations in adaptation choice despite the common influence of shared beliefs? 
 
As in the case of the second research question, the conclusion of the third research 
question, on factors leading to individual variations in adaptation, also include 
theoretical and empirical components.  Despite the common influence of shared 
beliefs on farmers’ rainfall expectations, variations can be observed in their 
adaptation choices. The study suggests a more insightful way to understanding 
variations in farmers’ adaptation choices under the unifying influence of commonly 
held beliefs by introducing the concept of household adaptivity. Household 
adaptivity is representative of such variations, a parameter that indicates the 
propensity to adapt. It has opened a path to explore the factors underlying individual 
variation in choices in terms of variables that affect household adaptivity. Household 
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adaptivity was measured using a composite index that covered three dimensions: 
diversity of choice, scale of operations and intensity of resource use entrenched in 
farmers’ adaptation choices made in a single year.  
 
The study identified the effect of a selected group of variables on household 
adaptivity. Of the selected variables, experience, land availability for seasonal 
activities, total gross earnings and share of farm earnings had positive and significant 
relationships with household adaptivity. In contrast, the acquisitions of chena lands, 
belonging to the aged category of farmers and being located in the Periyakulama 
cascade had a negative and significant impact on the adaptivity of households. The 
findings further suggest that the selected variables affect the three dimensions of 
household adaptivity differently.  
 
The effect of these variables is summarised as follows. Land availability, total gross 
earnings and a share of farm earnings are variables contributing to the adaptive 
capacity of farmers. The significant positive relationships of these variables suggest 
that household adaptivity is positively influenced by these factors. Conversely, 
belonging to the aged category indicates  vulnerability of households and has a 
negative impact on household adaptivity. Adaptive capacity and vulnerability are two 
major concepts that dominate in the current dialogue on adaptation policy and the 
concept of household adaptivity offers a meaningful way to link these concepts into 
the examination of adaptation behaviour of farmers.  
 
Notwithstanding the limitations of experience as a guide to probabilistic expectations, 
the significant and positive relationship between experience and household adaptivity 
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suggest that experience plays a complementary role by contributing to increases in  
household adaptivity. The acquisition of chena lands contributes to policy-induced 
constraints faced by farmers whereas being located in the Periyakulama cascade 
represents physical/environmental constraints faced by farmers at the local level. The 
results indicate that such localised factors could also significantly affect household 
adaptivity in addition to more universally applied factors such as adaptive capacity. 
Therefore, the study underscores the importance of both generalised as well as 
localised (site-specific) factors as determinants of farmers’ adaptation behaviour.  
 
7.1.4 Conclusions on Research Question 4  
 
What factors influence the individual outcomes of surprise rainfall events when 
farmers’ beliefs fail? 
 
As surprise events are unique, conclusions should be drawn cautiously and there are 
limitations to drawing more general conclusions. Nevertheless, the study shed a few 
useful insights on the susceptibility of  farmers to the 2011 surprise climate event.  
 
The level of exposure appears to be the most significant factor that determines the 
outcomes of such surprise rainfall events. This covers both scale and time factors of 
exposure. This was confirmed by the significant and positive relationship between 
selected variables (extent of exposure and early/late timing of establishment) and the 
outcome (perceived losses), of which the time factor of exposure can be considered a 
chance factor that could vary by event. While the time factor of exposure seems to be 
significant, it should be noted that the direction of the effect could change depending 
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on the nature and time of the event. In addition, variables relating to the household 
coping capacity to respond to the shock had significant relationships with the 
outcome. Labour availability and earnings from non-farm sources have reported 
significant and negative relationships highlighting their importance in overcoming 
such shocks. However, when available labour was engaged in formal occupations, it 
led to increased losses.  
 
In spite of the fact that surprise usually implies the failure of expectations, the results 
also suggest that the level of surprise may vary relative to farmers’ expectations. This 
was indicated by the negative and significant relationship reported by the variable on 
the expectation on monthly rainfall fluctuation. It implies that farmers who expected 
low fluctuations for the month were more severely affected than those who expected 
high fluctuations. In other words, the level of surprise of an event is a relative 
phenomenon subject to farmers’ expectations.  
 
7.2 Limitations of the Study 
 
This study involved a number of challenges, which researchers had limited resources 
and time to deal with. The challenges faced in the study can be identified under three 
broad categories: conceptual difficulties, issues of empirical analysis and practical 
difficulties faced in data collection. Each of them imposed various limitations that 
may not have been fully overcome by the design and implementation of the research 
activities.  A brief discussion on the nature of challenges and type of limitations 
imposed by them are discussed below. 
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7.2.1 Conceptual Difficulties and Limitations  
 
The study dealt with the conceptually challenging topic of shared beliefs as a 
decision guide to risky choices of adaptation. It involved phenomena such as shared 
beliefs, rainfall expectations, local climatic indicators, joint adaptation responses and 
surprise shocks, which it is difficult to address with the standard tools of economic 
analysis.  As discussed in Chapter 2, conventional tools of economic analysis such as 
risky choice theories provided limited insights to develop a conceptual understanding 
on the issues concerned.  Even though recent advances in behavioural decision 
research and multi-disciplinary studies on climate adaptation shed some light to 
identify the way forward, they also could not provide readymade concepts or 
methods to handle such phenomena in a straightforward manner. Therefore, while 
attempting to be based on the structural elements of existing theoretical tools and 
empirical findings from literature, new conceptual devices had to be developed to 
face the conceptual challenge posed by the research problem.  Examples are farmers’ 
belief-based expectations of NREs and SREs, decision criterion of matching rainfall 
expectations and the concept of household adaptivity.  Some issues (e.g. surprise 
shocks) eluded even the newly introduced concepts.    
 
Despite the fact these conceptual innovations are rooted on the existing theoretical 
and empirical understanding to a certain extent, they also have elements of a 
pioneering effort.  Therefore, theoretical and empirical validity of these conceptual 
innovations has not been fully tested before their use and in the course of study, a 
partial test of validity was intended through empirical verification of inferences 
based on them.  Therefore, some issues of theoretical and empirical validity of such 
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concepts could arise with further application that may need further refinement.  For 
instance, decision criterion of matching rainfall expectations emulates characteristics 
of a heuristic but is not confirmed by experimental studies.  The fact that inferences 
based on it were supported by empirical evidence does not provide a complete proof 
of the existence of such a criterion. The final proof should be through further 
experimental studies.  In summary, conceptual innovations introduced to overcome 
the challenges posed by the research problem could have limitations that may need 
further refinements and modifications.  
 
7.2.2 Issues and Limitations of Empirical Analysis  
 
The same issues that demanded innovative concepts for theoretical explanation also 
called for innovative application of empirical tools.  For instance, no standard tool 
was found to test the existence of shared beliefs in economics and the procedure of 
CA was borrowed from cultural domain analysis. It was applied in the connection 
with a customised method of elicitation of rainfall expectations. Carrying out such 
innovative applications together with new concepts under practical difficulties of 
data collection and limited resource/time budget (Section 7.3.3) could have led to 
limitations. One acknowledged limitation was involved with regard to the farmers’ 
perceptions of long-term changes in rainfall.  According to the conceptual framework, 
perception of long-term changes implied modification of NREs.  However, testing 
the modification of beliefs required data on at least two time points with a  sufficient 
time interval in between.  Given the impossibility of fulfilling this condition, farmers’ 
perceptions on long-term changes were elicited from their individual observations 
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about changes in rainfall amount, number of rainy days and onset of rains in two 
recognised seasons.  
 
The study examined a wide range of farmers’ decisions, especially under the second 
research question, which varied in scope and time horizons. Certain decisions are not 
taken in a single-year cycle of adaptation choices, which was the time length covered 
in the household survey. Hence, information on the beliefs and expectations elicited 
from the household survey had to be extrapolated to make inferences on decisions 
taken on medium- to long-term horizons. This involved implicit assumptions about 
stable beliefs over time, explaining past decisions on the basis of beliefs/expectations 
elicited in the household survey conducted in 2011. While farmers’ beliefs on local 
rainfall appear to be stable in the short to medium term, they may have evolved over 
time. This could lead to imbalances that reduce the validity of certain empirical 
findings, especially in the case of inferences made regarding long-term adaptation 
decisions. Although FGDs and secondary data were used as supplementary sources, 
they cannot be fully relied on to overcome this limitation.  
 
7.2.3 Limitations due to Practical Difficulties in Data Collection  
 
Practical issues involved in data collection could have led to certain limitations in the 
study. Data collection had to be carried out in remote locations, which led to a 
number of practical difficulties for research activities. The target group of farmers 
were involved in a complex farming system, and engaging them in data collection 
activities required meticulous preparation. The following limitations of the study due 
to practical conditions of data collection are acknowledged.  
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Limited size of sample and short timeframe: As the study had to be carried out 
with limited resources in a short time frame, the data collection was restricted to 
a relatively small sample with an observation timeframe of one year. Given the 
nature of adaptation choices, a larger sample with more years of data collection 
would have elicited more reliable results. 
 
Limitation in reliability of data: The major tool of data collection was interviews 
conducted at premises of respondents.  Although nearly all respondents 
willingly cooperated and had a reasonable level of education, none of them had 
maintained farm records.  Therefore, information given in the survey was based 
on recalling of past data by respondents with variable memory capacities.  This 
has the potential to introduce limitations of reliability of data.  The same reason 
has led to restrict the timeframe of data collection to a single year of farming 
activities.  
 
Limitations in selection of research methods and data collection: Same practical 
difficulties introduced limitations in selection of research methods and data 
collection.  For instance, certain concepts (e.g. decision criterion of matching 
rainfall expectations) may have been approached more effectively through 
experimental methods than survey methods. Instead, the broad scope covered in 
the study, resource/time limitations and practical difficulties of data collection 
compelled the use of survey methods supplemented by participatory tools.   
Survey methods represent an inferential approach that does not provide the same 
level of proof of validity demanded by certain phenomena provided by 
experimental methods.  
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Limitations imposed on methods of analysis:  Practical difficulties faced in data 
collection also imposed limitations in methods of analysis.  Sophisticated 
analytical tools usually demand special requirements of data such as larger 
samples, application of specific data gathering tools and time-series of 
observations.  Hence, analytical methods had to be selected subject to 
limitations imposed by practical conditions of data collection.  
 
7.3 Policy Implications 
 
In spite of these limitations, this study has produced significant findings with policy 
implications. The findings of the study have both general and area-specific policy 
implications. The more general implications that are directly relevant in the context 
of the current dialogue on adaptation policy are discussed here. The current policy 
dialogue is mainly focused on adaptation as a strategy to face the impacts of global 
climate change. As emphasised from the beginning, the present study examined 
adaptation from a behavioural perspective as a risky choice. Therefore, the study can 
be applied regardless of the type of stimuli concerned: climate change or variability.  
 
The foremost policy implication of the study is its emphasis on the importance of 
farmers’ beliefs in their adaptation choices. The study has produced evidence to 
suggest that farmers have shared beliefs on local rainfall that guide their adaptation 
decisions. It further provided details about the nature of the beliefs held by village 
tank farmers and assessed their reliability. These findings are directly relevant in the 
ongoing debate over the usefulness of climate information products such as long-
term climate projections, seasonal precipitation forecasts (SPFs) and short-term 
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weather forecasts (Gadgil et al. 2002; Giné et al. 2009; Hansen et al. 2011; Ingram et 
al. 2002; Luseno et al. 2003; Meza et al. 2008; Roncoli 2006; Stone and Meinke 
2006; Ziervogel 2004). These products may compete with farmers’ beliefs (Lybbert 
et al. 2007), which is supported by the findings of this study. For instance, farmers’ 
NREs can compete with SPFs, and local climate indicators can substitute short-term 
weather forecasts. The study has produced substantial evidence to suggest that 
farmers’ beliefs are organically connected to their decision-making criteria. Hence, it 
raises strong concerns regarding the effectiveness of interventions aimed at 
promoting climate information products that compete with farmers’ shared beliefs. 
Alternatively, such products could be more effective if they can complement farmers’ 
beliefs, helping to overcome their limitations. The results of the study also indicate 
the possibility of such biases associated with farmers’ beliefs. 
 
Moreover, identifying and assessing farmers’ beliefs may be useful in other 
interventions that are dependent on climate information. A fine example is the index-
based insurance schemes currently pilot tested with farmers in many regions 
(Carriquiry and Osgood 2008; Hess and Syroka 2005). Given the strong connection 
of farmers’ beliefs to their adaptation decisions, it is logical to expect that assessing 
the influence of beliefs would help to improve the effectiveness of such interventions. 
Overall, the findings of the study strongly emphasise the importance of taking 
farmers’ beliefs into consideration in designing, producing and communicating 
climate information products and interventions.  
 
The study also offers important insights regarding farmers’ perception of long-term 
changes in rainfall patterns due to global climate change. This is an unresolved area 
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in the policy dialogue on adaptation. According to some researchers, perceiving such 
changes by personal experience is a difficult, unreliable process (Hansen et al. 2004; 
Mertz et al. 2009; Rao et al. 2011; Weber 2010). However, others suggest that 
farmers have already perceived certain changes taking place in the local climate and 
have adopted response strategies (Ayanwuyi et al. 2010; Maddison 2006; Osbahr et 
al. 2011; West et al. 2008). The findings of this study suggest that while farmers 
appear to have sensed certain changes taking place in the local rainfall, there is not 
enough consensus about the nature of such changes to modify the existing beliefs. 
Given the beliefs are based on long-term collective memory, incorporating individual 
perceptions about climate change into local belief systems may require more time. 
Therefore, communicating the knowledge gained from long-term climate projections 
may be useful for timely updating and modifying beliefs. Effective communication 
about projected changes may accelerate the ‘belief-making’ process, helping farmers 
to use that knowledge in their regular adaptation decisions. 
 
The present dialogue on adaptation policy is dominated by concepts of vulnerability 
and adaptive capacity (Füssel 2006; Heltburg et al. 2008; O’Brien et al. 2004; 
Reardon and Taylor 1996). The basic thrust of adaptation policy is aimed at 
enhancing the adaptive capacity of vulnerable communities. The present study 
examined adaptation as an autonomous process of risky choices. It suggests that 
individual variation in adaptation choices is governed by the parameter of household 
adaptivity that represents the individual propensity to adapt. Moreover, it has shown 
that factors representing adaptive capacity and vulnerability at the household level 
significantly influence household adaptivity. Hence, the concept of household 
adaptivity provides an avenue to link important policy concepts with the risky 
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decision-making behaviour of adaptation. Households with low adaptivity may 
require the priority attention of policy. Furthermore, policies may focus on increasing 
adaptivity by enhancing the positive factors (experience, endowments) and 
minimising the negative factors (vulnerabilities, policy-induced constraints, 
physical/environmental constraints) for more effective results.  
 
The study also examined the outcomes of surprise rainfall shocks from a 
decision-making perspective on adaptation behaviour, an area usually addressed 
by disaster-management concepts and policies. Climate surprises were 
approached as a failure of farmers’ beliefs/expectations (Maguire et al. 2011; 
Streets and Glantz 2000; Teigen and Keren 2003). Essentially, such events are a 
part of farmers’ adaptation behaviour, and the study’s findings suggest that the 
outcomes of such events vary among farmers according to certain household 
variables. The important variables were identified as those relating to exposure 
to shocks, the household capacity to respond to them and the level of surprise 
they create. In spite of the unique nature of such events and their outcomes, 
focusing on the interventions that help to minimise exposure to shocks and 
increase the household capacity to respond to them would help to reduce welfare 
losses. Moreover, the surprise element of such events may be reduced by the 
timely communication of information to farmers. 
 
7.4 Further Research 
 
As discussed in section 3.5, the decision criterion of matching rainfall expectations 
has been proposed as a logical construct to explain farmers’ adaptation behaviour 
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considering the cognitive limitations of decision-makers and the ambiguity of rainfall 
variability. It is similar to a heuristic criterion but not a heuristic, as confirmed by 
experimental evidence from previous studies. Therefore, further investigation of the 
decision criterion of matching rainfall expectations through experimental studies 
would help to identify the strengths and limitations of this approach.  
 
As discussed in section 7.2, farmers’ beliefs can be expected to affect various 
interventions based on climate information products that range from long-term 
projections to short-term weather forecasts. So far, none of the products has been 
tested with dry-zone farmers in Sri Lanka who have been exposed only to country-
wide daily forecasts in the media. Even in the pilot testing of certain climate 
information products with developing country farmers, the implications of farmers’ 
beliefs have not explicitly been examined although a few researchers have 
acknowledged the existence of such beliefs (Lybbert et al. 2007; Roncoli et al. 2006). 
Hence, further research on farmers’ beliefs and their interaction with different 
climate information products in decision-making can be beneficial.  
 
The concept of household adaptivity requires more research, as it can fill a vital gap 
in farmers’ adaptation behaviour. This study has demonstrated that it is measurable 
and can be used to explain individual variations under the common influence of 
farmers’ beliefs. As a conceptual device, it could be applied in contexts other than 
village tank farmers, and more useful applications could be found with further 
research on many areas of adaptation decisions. Therefore, more refinements of the 
concept by expanding the conceptual boundaries and innovative ways of measuring 
can be considered fertile areas of research with useful applications.  
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Another area that received limited attention in the study is the dynamics of 
adaptation behaviour. It has both conceptual and empirical implications. Adaptation 
is a dynamic process that takes place over time.  Although, the study examined 
village tank farmers’ adaptation decisions in a historical context, the conceptual 
framework has not covered the temporal dimension in a formal manner. Besides, the 
study has relied on indirect evidence from the literature or qualitative information 
from FGDs to identify changes that took place in adaptation behaviour over time.  
Even though it has not introduced serious limitations within the scope of the current 
study, the dynamics of adaptation behaviour is identified as an important area for 
further research.   
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Appendix 1: Plain Language Statement and Consent Form 
 
DEAKIN UNIVERSITY  
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO: Participant 
 
Plain Language Statement  
 
Date:   
 
Full Project Title:  Climate adaptation, local institutions and information 
 
Principal Researcher: Athula Senaratne 
 
 
You are invited to take part in this research project. You have been identified for this survey through a 
random selection procedure from the list of residents in this area. This research is being undertaken as 
a part of Ph.D studies of the principal researcher and is fully funded by Deakin University.  Your 
participation in this project is voluntary. If you do not wish to take part you are not obliged to.  
Deciding not to participate will not affect your relationship to the researcher or to Deakin University. 
Once you have read this statement and agree to participate, please sign the attached consent sheet.  
You may keep this copy of the plain language statement. Information you will provide in the interview 
will not be used for any purpose other than fulfilling academic objectives of this study and will not be 
used in a manner that can be individually identifiable.     
 
The purpose of this research is to investigate farmer’s perceptions and decisions regarding adaptation 
choices against the risks related to rainfall variability. The results of the study will be published in 
academic journals and in the media. Results will be reported as statistically analyzed information in a 
format that will not support individual identification of information provided by any participant.  While we 
do not offer any direct payment or incentive for participation in this study, it is expected that information 
will help policy- makers to take appropriate policy decisions that are beneficial to the participants as 
well as other members of the rain-fed farming community in the dry zone of Sri Lanka.  
 
With your consent, your participation in this research will involve an interview of around a 1-2 hour 
period. You may of course decide to stop the interview at any point. You may also ask up to the time of 
publication that any information collected at your interview be destroyed or not be used for the study. 
Your answers will be noted in the schedule of questions by the handwriting of the researcher who 
interviews you. Once the analysis of data is completed data will be stored securely for a period 6 years 
after publication.  
 
Approval to undertake this research project has been given by the Human Research Ethics Committee 
of Deakin University. If you have any complaints about any aspect of the project, the way it is being 
conducted or any question about your rights as a research participant, you may contact: The Manager, 
Office of Research Integrity, Deakin University, 221, Burwood Highway, Burwood, Victoria 3125, 
Telphone: 613-92517129; Facsimile: 613-92446581; email: research-ethics@deakin.edu.au. 
 
If you require further information or if you have problems concerning this project, you can contact the 
principal researcher: Athula Senaratne, Telephone: 613-87741811; email: asenarat@deakin.edu.au. 
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DEAKIN UNIVERSITY  
PLAIN LANGUAGE STATEMENT AND CONSENT FORM  
 
TO: Participant  
 
 
Consent Form  
 
 
Date:  
 
Full Project Title: Climate Adaptation, Local Institutions and Information 
 
   
I have read and I understand the attached Plain Language Statement.  
 
I freely agree to participate in this project according to the conditions in the Plain Language 
Statement. 
  
I have been given a copy of the Plain Language Statement to keep. 
  
The researcher has agreed not to reveal my identity and personal details, including where 
information about this project is published, or presented in any public form. 
  

Participant’s Name (printed) ……………………………………………………………………  
 
Signature ……………………………………………………… Date …………………………  
 
Telephone ……………………………  
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Appendix 2: Questionnaire 
 
 
 
Survey on farmers’ perceptions and adaptation to climatic 
variability and change in village tank systems in dry zone, Sri 
Lanka 
  
 
2011 
 
 
 
 
SURVEY SCHEDULE 
 
 
 
 
 
 
 
 
 
 
 
Department of Accounting, 
Economics and Finance 
Faculty of Business and Law 
Deakin University 
Australia 
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Location of the Household 
 
Household Number 
 
  
Location 
GN* Division  
 
Divisional Officer Division  
 
Date completed  
 
Notes (If any)  
 
 
 
 
 
 
 
 
* GN – Grama Niladhari (Village Officer)
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1. Personal/Household Information 
 
1.1. Personal 
  
2.1.1 Age (years)  
2.1.2 Gender Male  Female  
2.1.3 Education (code 1)  
2.1.4 Marital status  (code 2)  
2.1.5 Involvement in farming Fulltime  Part time  
2.1.6 If part time, other occupations (code 3)  
  
Code 1 Code 2 Code 3 
No schooling                           1 Unmarried 1 Casual labour 1 
Primary (Gr.1-6)                      2 Married 2 Self-employed 2 
Lower Secondary (Gr.7-10)    3 Widowed 3 Public sector 3 
Upper Secondary (Gr.11-12)   4 Divorced 4 Private sector 4 
Diploma 5 Separated 5 Fishing 5 
Graduate 6     
Postgraduate 7     
 
1.2. Household 
 
2.2.1 Number of household members Yrs. 1-15  Yrs. 
16-65 
 Over 
65 
 
2.2.2 Number employed (Yrs. 16-65)  
2.2.3 Number unemployed (Yrs. 16-65)  
2.2.4 Number employed by occupation Casual labour  Private sector  
Self-employed  Fishing  
Public sector    
 
1.3. Household and living conditions (circle the appropriate) 
 
2.3.1 Roof Tile Corru.Asbestos Tin/Alu.sheets Cadjan Other 
2.3.2 Floor Tile/terrazo Cement Earth/cowdung Other 
2.3.3 Walls Bricks Clay Wood Other 
2.3.4 Drinking 
water 
Protected well Unprotect.well Tube well Village tank 
River/canal Service line Rain water Other 
2.3.5 Toilet Water sealed Flow flush Pit Other 
2.3.6 Energy - 
cooking 
Fire wood Kerosene Electricity 
Gas Crop residue Other 
2.3.7 Energy -
lighting 
Electricity – 
Main supply 
Electricity –
generator 
Electricity – 
Solar power 
Lamps - 
Kerosene/Petrol 
2.3.8 Other 
facilities 
Telephone  TV  Motorbike  Car/van  
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2. Farm Assets 
 
2.1. Land assets 
Type of Land Extent Major use by season (Code 4) 
Ac Perches Maha Yala 
Paddy Land     
Home garden     
‘Chena’ land     
Other highland 
Seasonal crops     
Permanent crops     
 
Code 4 (may select more than one) 
Residential 1 Livestock 5 
Paddy 2 Unutilized 6 
Other seasonal crops 3 Other 7 
Permanent crops 4   
  
2.2. Agro wells and micro-irrigation 
 
3.2.1 Do you have agro-well(s) in your land?  Yes/No 
3.2.2 If yes, how many wells?  
3.2.2 Which of the following micro 
irrigation facilities do you have? 
Water pump  Sprinkler 
system 
 
Drip system    
 
2.3. Farm machinery 
 
3.3.1 Which of the following farm 
machinery do you have? 
2 wheel tractor  4 wheel tractor  
Mechanical 
thresher 
 Reaper/ 
harvester 
 
 
3. Farming system activities 
 
3.1.  Paddy farming (give details of the last complete cultivation year) 
Season Extent 
(Ac) 
Harvest 
(kg) 
Consumed 
(kg) 
Sold 
(kg) 
Price 
(Rs/kg) 
Revenue 
(Rs.) 
Water 
Supply 
(Code 5) 
Paddy Maha 
Wetland        
Highland        
Paddy Yala        
Paddy Mid        
Code 5 
Fully rain-fed 1 Supply from tank only 5 
Partially rain-fed (rain + tank) 2 Supply from well only 6 
Partially rain-fed (rain + well) 3 Supply from tank + well 7 
Partially rain fed (rain + tank + well) 4 Other specify 8 
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3.2. Chena farming (give details of the last complete cultivation year) 
Crop Extent 
(Ac) 
Harvest 
(kg) 
Consumed 
(kg) 
Sold 
(kg) 
Price 
(Rs/kg) 
Revenue 
(Rs.) 
Water 
Supply 
(Code 5) 
Chena - Maha 
        
        
        
        
        
        
Chena -Yala 
        
        
        
 
3.3. Other seasonal crops – (give details of the last complete cultivation year) 
 
3.3.1. Maha season -Highlands 
Crop Extent 
(Ac) 
Harvest 
(kg) 
Consumed 
(kg) 
Sold 
(kg) 
Price 
(Rs/kg) 
Revenue 
(Rs.) 
Water 
Supply 
(Code 5) 
        
        
        
        
        
        
 
3.3.2. Yala season -Highlands 
Crop Extent 
(Ac) 
Harvest 
(kg) 
Consumed 
(kg) 
Sold 
(kg) 
Price 
(Rs/kg) 
Revenue 
(Rs.) 
Water 
Supply 
(Code 5) 
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3.3.3. Yala season -Paddy land 
Crop Extent 
(Ac) 
Harvest 
(kg) 
Consumed 
(kg) 
Sold 
(kg) 
Price 
(Rs/kg) 
Revenue 
(Rs.) 
Water 
Supply 
(Code 5) 
        
        
        
        
        
        
 
3.3.4. Mid season 
Crop Extent 
(Ac) 
Harvest 
(kg) 
Consumed 
(kg) 
Sold 
(kg) 
Price 
(Rs/kg) 
Revenue 
(Rs.) 
Water 
Supply 
(Code 5) 
        
        
        
        
        
 
3.4. Permanent crops 
Crop Extent 
(Ac) 
Harvest 
(kg) 
Consumed 
(kg) 
Sold 
(kg) 
Price 
(Rs/kg) 
Revenue 
(Rs.) 
Water 
Supply 
(Code 5) 
        
        
        
        
        
        
 
3.5. Livestock activities 
Livestock product Consumed Sold Price 
(Rs) 
Revenue 
(Rs) 
Poultry     
Cattle     
Buffalo     
Goat     
Pig     
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3.6. Non-farm income 
Activity Income per month (Rs) Income per year (Rs) 
Casual wage work   
Self employment   
Micro enterprise   
Public sector salaries   
Private sector salaries   
Retirement/pensions   
Foreign remittance   
Social welfare benefits (e.g. 
Smurdhi) 
  
Property rents   
Hiring income   
Other (specify)   
 
4. Perception of Average Pattern of Variability and variation 
 
4.1. Perception of climate risks 
4.1.1 According to your opinion, what are the most important risks you face in farming 
activities? List them according to the order of priority? 
Order Type of Risk 
1  
2  
3  
4  
5  
  
4.2. Normal RF Expectation : Intensity, number of days and variation 
 
4.2.1 What are your normal expectations regarding RF availability for different 
months? 
Month  Rainfall intensity  Rainy 
days 
Variation 
1 2 3 4 5 High Low Most Likely 
(Code 6) 
January (Durutu)          
February (Navam)          
March (Medin)          
April (Bak)          
May (Vesak)          
June (Poson)          
July (Esala)          
August (Nikini)          
September (Binara)          
October (Wap)          
November (Il)          
December (Unduwap)          
Code 6 
 Increase in rainfall 1  Decrease in rainfall 2 
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4.3. Normal expectations on time of rainfall and timing of activities 
 
4.3.1 What are your average expectations regarding time of RF in major seasons? 
 
 
Perceptions/Expectations Season 
Maha Yala 
Onset of rain 
(e.g. early/mid/late Aug) 
  
End of rain   
 
4.3.2 Did you practice rain-fed gingelly farming in Yala sesaon? Yes/No 
 
Plough before crop 
establishment 
If Yes, date  No 
Date of crop establishment  
Date of harvesting  
Yield (Actual)  
 
5.   Adaptation of Major Activities 
 
Adaptation of Maha paddy farming 
 
5.1.1 Please give details about last Maha season paddy cultivation activities. 
 
Date of land preparation  
Date of crop establishment  
Contract farming Yes No 
Price advantage  
Age of the variety 3 months 3.5 
months 
4 months 4.5 months 
Water for land preparation From RF From tank 
Observations on RF timing Flowering and fruiting  
Behavior of animals  
Signs in the sky and environment  
Wind pattern and temperature  
Preparation of planting 
materials 
Yes No 
Date of harvesting  
Yield (Actual)  
Yield (Expected)  
Any adjustments for 
overcoming losses 
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Adaptation in Maha Chena 
 
5.2.1 Please give details about last Maha season paddy cultivation activities. 
Major crop  
Contract farming Yes No 
Time of land clearance  
Plough before crop 
establishment 
If Yes, date  No 
Date of crop establishment  
Age of the variety 3 months 3.5 
months 
4 months 4.5 months 
Water for land preparation From RF From tank 
Observations on RF timing Flowering and fruiting  
Behavior of animals  
Signs in the sky and environment  
Wind pattern and temperature  
Preparation of planting 
materials 
Yes No 
Date of harvesting  
Yield (Actual)  
Yield (Expected)  
Any adjustments for 
overcoming losses 
Adjustment of harvesting date  
Change in form of harvesting  
Enhancement of drainage  
 
Adaptation of agro-well farming 
 
5.3.1 Please give details about last Maha season paddy cultivation activities. 
Major crop  
Contract farming Yes No 
Timing for better price Yes No 
Time of land clearance  
Plough before crop 
establishment 
If Yes, date  No 
Date of crop establishment  
Age of the variety 3 months 3.5 
months 
4 months 4.5 months 
Preparation of planting 
materials 
Yes No 
Date of harvesting  
Yield (Actual)  
Yield (Expected)  
Any adjustments for 
overcoming losses 
Adjustment of harvesting date  
Change in form of harvesting  
Enhancement of drainage  
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6. Perception of Long-term Changes in Rainfall and Adaptation 
 
6.1.1 Have you recognized any variation that can be considered as permanent and 
long-term in nature ? Yes/No 
6.1.2 If yes, give details of such changes   
 
Season Maha Yala 
 
Intensity of rainfall (Code 7)   
Number of rainy days (Code 8)   
Onset of rain (Code 9)   
 
Code 7 Code 8 Code 9 
1 Increase in rainfall 1 Increase in no of rainy days 1 Rain comes early 
2 Decrease in rainfall 2 Decrease in no of rainy days 2 Rains are delayed 
    3 Rain has become 
unpredictable 
 
6.1.3 Have you made any adjustments in farming system activities in response to 
above-mentioned long-term variations? Yes/No 
6.1.4 If yes, give details of adjustments. 
 
 
 
 
 
 
 
 
 
  
7. Sources of Climate Information 
 
 How do you rank major sources of knowledge/information that help to form 
expectations regarding the rainfall? Rank according to the priority of importance. 
Source of Knowledge/Information Rank 
Personal experience  
Information from fellow farmers  
Information from local officers  
Information from the media and public 
sources 
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7.1.   Personal experience 
 
7.1.1 How many years do you have experience in farming? 
7.1.2 How many years do you have experience in farming in the current location? 
7.1.3 Do you consider observations in local environment as a useful guide to form 
expectations regarding the rainfall? Yes/No 
7.1.4 Do you actually, look for such observations when making decisions regarding the 
farming activities? Yes/No 
 
7.2. Information from fellow farmers 
 
7.2.1 Do you consider fellow farmers as a useful source of information about RF? 
Yes/no 
7.2.2 If yes, do you actually consult them when making decisions regarding the 
farming activities? Yes/No 
7.2.3 What are the kinds of interactions that provide the access to such information? 
Gatherings/meetings of the farmers (e.g. Farmer 
Organization) 
 
Informal interactions with fellow villagers/farmers  
 
7.3. Information from media and public sources 
 
7.3.1 Do you consider information published by these sources provide useful guide to 
make farming decisions? Yes/No 
7.3.2 If yes, do you actually consult them when making decisions regarding the farming 
activities? Yes/No 
7.3.3 If you do not find such sources useful, what are the major problems associated 
with them? 
 
 
 
 
 
 
 
8. Joint adaptations 
 
8.1 Do you participate  practice popularly known as ‘bethma’? Yes/No 
8.2 If yes, which year you last involved in bethma? 
8.3 How many, members involved in the bethma practice at this time? 
8.5 Are you a member of Farmer Organization? Yes/No 
8.6 If yes, are you an office bearer of the organization?  Yes/No 
8.7 How long have you been a member of the organization? 
8.8 How many members are in the Farmer Organization? 
8.9 Are you a member of other village or local level organizations? Yes/No 
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9.   Insurance 
 
9.1 Do have insurance coverage for any of your farming activities? No/Yes 
9.2 If yes, please give the following details. 
 
Policy 
(Organization) 
Crops/Activities 
Covered 
Type(s) of risks 
insured (Code 13) 
Premium 
(Rs.) 
Benefits 
(Rs.) 
 
 
    
 
 
    
 
 
    
 
 
    
 
 
    
 
Code 13 
1 Floods 4 Other climatic hazards (specify) 
2 Droughts 5 Other non-climatic hazards (specify) 
3 Cyclones   
 
9.3 Have you obtained insurance to fulfill any conditional requirement? No/Yes 
9.4 If yes, please give  details. 
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Appendix 3: Statistical Tests  
 
Testing for Multicollinearity  
 
1. Collinearity Statistics: Household Adaptivity Models  
 
 Collinearity Statistics 
Tolerance VIF 
Periyakulama .334 2.993 
Elderly .710 1.408 
Edu_ExpInt .724 1.382 
FO_Officer .817 1.224 
Chena_Acquisition .399 2.505 
SeasonalLand_Total .433 2.310 
Labor_Agric .949 1.054 
RFRisk_Alert .797 1.254 
LnGrossTotEarn .465 2.149 
Share_FarmRev .478 2.092 
Mahakanumulla .593 1.687 
AgroW_Upstream .618 1.619 
AgroW_Midstream .581 1.721 
AgroW_Downstream .726 1.378 
 
2. Collineraity Statistics: Household Sensitivity to Surprise Rainfall Shocks 
 
 
 Collinearity Statistics 
Tolerance VIF 
MahaSemiRF_Ext .647 1.545 
Early .888 1.127 
Late .924 1.082 
Media_Actual .923 1.084 
Elderly .729 1.372 
Var_Jan .882 1.134 
FormalEmploy .662 1.510 
Upstream .933 1.072 
Young .723 1.383 
Labor_perPaddyLand .649 1.541 
LnNonFarmRev .707 1.415 
Edu_ExpInt .571 1.752 
FO_Officer .854 1.171 
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Testing for Heteroscedasticity: Residual Plots  
 
1. Models on Household Adaptivity 
 
Model (Dependent variables) Residual Plots 
Adaptivity Index: AI 1 
 
 
Adaptivity Index: AI 2  
 
 
Adaptivity Index: AI 2 
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2. Models on Dimensions of Household Adaptivity 
 
Model (Dependent variables) Residual Plots 
Number of prospects 
 
 
Total extent under all prospects  
 
 
Intensity of asset use 
 
 
 
3. Model on household sensitivity to surprise shocks  
 
Model (Dependent variables) Residual Plots 
Number of prospects 
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